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PERSONNEL 


| HE tollowing employment items are made 
available to AIME 
profit basis by the Engineering Societies Per 


members on @ fon 
sonnel Service, inc Agency) operating im 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
&W. 40th St. New York 18, 100 Farnsworth 
Ave, Detroit 

E Randolph St 
address all mail to the proper key numbers in 


57 Post St. Sen Francisco, 84 

Chicago |. Applicants should 
care of the New York office and include 6c 
in stamps for forwarding and returning appli 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
AIME 


members may secure a weekly bulletin of 


placement fee listed by the Service 


positions available for $3.50 a quarter, $12 a 
year 


MEN AVAILABLE 
Factory Manager, Superintendent, 
or Metallurgist, MI P.E., age 54 


rhirty-five years continucd employ 


ment in engineering field of 
construction, transportatior metal 
working, metallurg’ ind «education 


immaterial, M-171 


Location desired 


Metallurgical Engineer, 2S, ape 


| married, two children of high 
chool «ape Dwent ore 
tre experience it me! 
cul ind base metals; covering op 
eration large small plants, pros 
‘ tit re ire? plant 
pt \t pre ent 
ilt th engineering 
Ly re charnye (Open to rea 
onable ffler plant operation or 
otherwise in » or Canada. Avail 
ntl notice, M-173 


PHYSICAL METALLURGIST 


MICHIGAN CHEMICAL CORPORATION 


MME ATE PENING 
CRUCIBLE STEEL COMPANY OF 
AMERICA 
Pitt Ver yivar 


MECHANICAL ENGINEER 
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— POSITIONS OPEN — 


with two 
metal 
development 
of high temperature heat exchangers 
including welding and brazing. Sal 
ary, $6000 to $7800 a year 


Midwest. W5547(a) 


Metallurgical Engineer, 


to five year experience in 


laboratory, to a ist in 
Location, 


Metallurgist, 
plus experience in practical 


degree, 

metal 
lurgy and fabrication of carbon and 
tainle teel Knowledge of fuel 
fabrication and/or other 
metallurgical and fabrication appli- 
peculiar to atomic power 
sirable Salary, $6300 
to $4520 a year Location, upstate 


New Yor r W 5534 


engineering 


clement 


cation 


peneration de 


Metallurgist, BS. in metallurgy 
preferred but will con ider 
in chemistry o1 


degree 
other sciences pro 
vided experience and interest is in 
metallurgical field 
general metallurgical experience in 
idustry preferred. Will consult on 
ferrous and nonferrou 


two to five year 


metallurg) 


| with 


cal probler in 
product development, product re 

earch and process development, and 
conduct appropriate laboratory proof 
tests. Typical areas of work include 

deve loprimne nt of welding and t razing 
election of iitable al 
$6100 to $7 00 4 


connection 


technique 
loy ot 
year Location 
W 5489 


Salary 
‘ 


up tate Ne York 


Senior Project Engineer, for pure 


metal research extractive metal 
lurgy, and mineral beneficiation,; 
PhD., with at least five years ex 


perience preferred. Must be qual 
fied to plan, conduct, and 


and d 


upery 


velopment project 


| Engineering 


Societies 


| Service Inc. 


| Agency) 


| 
Personnel | 
| 
| 


Under the auspices of the Four Founder 
Engincering Societies and aftiliated with 
other renowned Engineering Societics, ESPS 
otters mony yoors of placement experience 
in addition to world-wide contacts 


New York 


Chicago 
8W 40th St 84 E. Randolph St 


San Francisco 


100 Farnsworth 57 Post St 


Additional classified advertis- 
ing appears on pages 1471 
and 1475. 


laboratories. Excellent 
Apply by letter and in 
salary requirements 


W 5474 


in modern 
opportunity 
clude 


Ohio 


Location, 


Metallurgical Engineer, preferably 
with five years experience, for com- 
pany in the melting and refining of 
copper and leads into alloy Will 
act as advisor to production, develop 
new processes, and 
chemistry and spectrographic lab- 
oratory. Salary, $7200 to $7800 a 
year. Location, New York metropol- 
itan area. W5472 


upervise wet 


Market Development and Sales 


Engineer, graduate metallurgist, 
chemical engineer, or chemist, with 
two to five years experience, for the 


development of commercial markets 
for zirconium. Must have 
iness judgment and 
potential, as we ll a 


good bus 
management 
ound technical 


background and sales ability. Expe 
rience with corrosion re tant met 
al desirable Location, Massachu 


ett W 4 2 


Director, research and develop 
ment to 48 advanced degre in 
mechanical engineering or metal 
lurey, with 


ome of the 


pecial knowledge in 
following field the: 
nuclear phys powel! 
plant design, marine engineering 
Experience hould 
years of high level responsibility in 
direction of engineers and scientist 
(Continued on page 1472) 
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include Ome 


ENGINEER 


IMMEDIATE OPENING 
CRUCIBLE STEEL COMPANY OF 
AMERICA 


entr Re rch horotor 


Pittsburgh, 


APPLIED RESEARCH PHYSICIST 


Req ) egree in phy 


er te 
end resume mplete nfidence 
Mr. Mart 
ru le Stee npany of Ameri 
P Box 
Pittsburgh ), Pennsy mia 


tion is eportment witt 
) er nce in pow 
Box 9-JM AIM 
. | 29 West tl t New York 18 
cn t 
| | | 
} | 
— 
mat af t j rtake high level 
Re quae mee UVeEgree mechar 
engineering r met with 
‘ ‘ tect pline 
‘ ’ te years 
nt 
~ 4 WANTED uperintendent for large ore 
‘ ‘ oe 
ote wit work “of ner crushing creer wd ntering 
J 
ryt che et Detroit have heavy operating and antenance 
Me Morty Ave | expernence alary pen. Reply to Box 
ru tee y Amer M AIME 
29 West 39th St, New York 18 


SOLID STATE PHYSICISTS 


METALLURGISTS PHYSICAL CHEMISTS CERAMISTS 


-or Development Materials 
to Withstand Radiation Damage an 
Thermal Stresses 


A the Aircraft Nuclear Pro- 
pulsion Department of General 
Electric, development of the 
direct cycle nuclear propulsion 
system for aircraft has created 
problems of a type never faced 
before: metallurgists and cera- 
mists at ANP must develop struc- 
tures and components to resist 
attrition due to radiative and in- 


PROBLEM ON HIGH TEMPERATURE, NON-POISONING 
BRAZING RECENTLY SOLVED BY ANP MEN: 


Engineers and specialists at ANP— constantly faced with devel 


and techniques in orthodox disciplines 


oping new principles 


recently had to create a boron-free brazing alloy for use in reactor 


core components. Their solution 


DEVELOPMENT OF A NEW GRAZE ALLOY 


tense thermal conditions. 


Engineers and specialists : B.S., 
M.S., Ph.D. — with 5-10 years’ 
experience in metallurgy or cer- 
amics can put their talents to 
immediate use at ANP, striking 
out along new approaches in: 


Metal Processing: 
casting, rolling, forging, 
extruding, swaging, plating, 
metallizing, brazing 


Vacuum Metallurgy: 
arc & induction melting, zone 
refining, brazing, sintering 
Welding Refractory Metals 
Fabricating Precision Ceramic Parts 
Ciadding & Bonding Special Metals 
High Temperature Diffusion Studies 
Materials Investigations & Analyses 
Powder Metallurgy 
High Temperature Reactor Components 
Shielding 


OPENINGS 
AT ALL LEVELS 
Opportunities are available for 
those who prefer either analytical 
operations or direct experimen- 
tal investigations. 

NUCLEAR EXPERIENCE 
NOT ESSENTIAL 
Graduate study, seminars and 
contact with 
help you to develop nuclear com- 


expert associates 
petence in your specialty. (A few 
positions in Components In-Pile 
Test Scheduling do require men 
with nuclear experience.) 

Publication of technical papers 
is encouraged. 


GENERAL ELECTRIC 
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LOCATION 
Near attractive suburban com- 
munities only minutes away from 
Cincinnati, Ohio. A progressive 
city with many cultural facilities, 
Cincinnati is known as both an 
engineering center and a fine 
place to live. (A few positions are 


open in Idaho Falls, Idaho.) 
Please address your resume in 
full confidence to: 
Mr. J. R. Rosselot, Dept, 37-LM 
AIRCRAFT NUCLEAR PROPULSION DEPT, 


General Electric Company 
P.O. Box 132, Cincinnati 15, Ohio 
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Proceedings of the First Interna Pat 


tional Atomic Energy Conference, 


] The Chronicle 
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BOOKS 


mber 
ranium 


lation 


energy 
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Metallurgist, 


rerminal nal now ay 


of $95.00 


phase of 
rpe ror » finished product and ap five 
of 
reque t 


Magnetohydrodynamics, edited by Dr 


1957 


netohydrodynamuc 


and 
gases 
at ex- 


influence 
jonized 


about 


magnetic fields 
are influenced by 

which brought 
tremely high temperatures. Detailed 
the volume are Some Dimen- 
ICS, ional Aspect of Hydromagneti 
(Continued on page 1479) 


than 60 coun- how 


proceeding includ- 


led illus- 
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of deta! 
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ymutted 


are 
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are in 


Thorium, 
Ma- 
Energy 

at 


Personnel 


(Continued from page 1470) 


chnology of the 
for 
otope 


Medicine 


Nuclear 
and N icle 
earch in above activities. Sal 
ary, $20,000 to $25,000 a year, de 

pending on background, experience, 
and executive capacity 
New York. W5431 

Foreign Representative, chemical 
metallurgical engineering gradu 

with at least five years execu 

or managerial experience in 
iclear and chemical field Salary, 
Location, Europe. F5406 
Metallurgist, with few y ex 
for gravity separation lab 
oratory Salary, open Location 
Florida. W5309(b) 

Research Metallurgists, with 
M.S., or Ph.D with up 
re experience, to 
Salary, to 

Pennsy]l 


Biological in re 


The 16 vol 
represent 


ote 
Conference 


Location, 


nt single coll 


the pt 
that ha 


ection 
iceful 
yet 


on ist 
been 
or 


ate 


tive 


English la 
Metallur 
fron 
l7th St 
ata yearly sub crip 
1957 The Soviet 
omelting, refining 
il ap 
Isotope 

arch 


tran 
Jour 


ni 
Consult- 


27 W oon 
ears 


perience 


tructure 
BS., 
to 


radioactive 
rese degree 
earcn 
work 
Location, 


i yeal 


Contents are perform earch 
$12,000 a year 

W5295(b) 
Designer, mining metallurgical 
ith metallurgical expe 
ering de and layout of 
plant Salary, $7200 
Location, New York 


rt 


vania 
dshoff, Stanford Un 
an 
top 
and a 
tudy 


or 
praduate, Ww 
earch 

h icist 


ign 


rience Coy 
ore proce Ing 
to $9600 a y 


W 5086 


al 


iv 


of 


The Engineering 


Societies Library 


Over 170,000 volumes covering all branches of 
engineering in addition to some 1,400 periodicals 
from all parts of the world are available in the 
Engineering Societies Library. Bound books may 
borrowed by mail by any member of a 
Founder Society in the continental United States 
or Canada at prices established in the information 
pamphlet which is available from the library 
Also included in the library’s services are searches, 
translations, and photoprints and microfilm at a 
nominal cost 


he 


THE ENGINEERING SOCIETIES LIBRARY 
33 West 39th Street, New York 18, N.Y 
Mr. Ralph H. Phelps, Director 


Please send me information pamphlet, on services avail 


able, and their costs 


Name 
Strect 


City 


Among the 
The Role of N wwer, Ph 
1 Research Re wwer Re 
Dept. T. | 
iven whenever po bie 
Effects of Rad 
inal 111, Doubleday & Co. Inc., 95¢ of the 
The t tor background and the most import 
; present status of modern physic by of informatior 
thet 
$15.00 1957 I} directory 
personne capacit equipment 
‘ empl eal use of produ Journal cove 
number of « of and aiso feu proce ing, int 
tures a geograpl | direct tion = 
muel f the © 
j 
(Geneva, 
f Ulnited Natio Actipiter 34 W 
t Ne ] N lf 
7 tainins » then 
4 papel lelivered at the 
| 
ot 30X, ate. ae 
Inclinable work end tos! 
© Accessories include 
contour projection ary 
eyepiece scales for A 
wring screw threads, 
TM, with all its features, costs about $1050 
eet priced, simple shep mirecespe. only 
INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC Co. = State 


This new furnace—acclaimed 
as the world’s largest open 
hearth, with a rated capacity 
of 600 tons—is the thirteenth 
of 14 furnaces at Weirton 
Steel with Ramset bottoms. 


ORPORATED 


845 HANNA BUILDING CLEVELAND 15. OHIO 
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BASIC 
Mica 


Llydro- Are... 


Engineered for today’ melting needs 


Engineered for today’s high production capac- 
ity, the Hydro-Arc Electric Furnace is the 
answer to all your prime melting and duplexing 
needs. It has fewer moving parts . . . is easy to 
operate and maintain—economical, too! New 
hydraulic power transmission 
clamp and arm for fast, safe electrode slipping 

patented repositioning equipment for a 


automatic 


constant are even under the most adverse 


MANUFACTURERS OF CRANES TRAMBEAM HANDLING 


1474 JOURNAL OF METALS, DECEMBER 1957 


conditions—they’re but three of the many 
advancements that upgrade melting efficiency, 
produce a better product. In addition, Hydro- 
Arc’s top charging reduces down-time, helps 
assure more-melt-per-man-hour! In- 
vestigate Hydro-Arc today. Send for 
Bulletin FY-168, the booklet that gives 
the details! Whiting Corporation, 15602 
Lathrop Avenue, Harvey, Illinois. 


SYSTEMS, TRACKMOBILES, FOUNDRY, RAILROAD AND CHEMICAL PROCESSING EQUIPMENT 


= 
| 


measuring 
the free decay 
of polarized 
neutrons 


NATIONAL LABORATORY 


Operated by the University hicag era 


inquiries invited 


A fundamental test of the various theories of 
beta decay which have been pired by recent parity 
experiments is obtained from the quantitative 

measurement of the spatial asymmetry of the beta particle 


emitted in the decay of free polarized neutrons 


For these measurements, neutrons with identical spin 
directions were selected from a neutron beam from Argonne’s 
CP-5 research reactor by reflection from a magnetized 
cobalt mirror. This technique for obtaining polarized neutrons 


was conceived and developed by Argonne scientists. 


PROFESSIONAL PERSONNEL OFFICE 
P.O. BOX 299 LEMONT, ILLINOIS 


Klectrical Engineers Industrial Hygienist: 
Metallurgical Engineer » Physicist Mathematicians 
Chemical Engineer Metallurgist 
Chemist: Health Phusicist 


Mechanical Engines 


Computer Engineers 


hlectronie Engineer 


— 
a ERSHIP_ 
3 
contract with the United States A Energy ssior 
rat 

: 


Insulating Fire 


put physical and thermal properties 
proper balance! 


... provide essential high-temperature resistance and 
low conductivity... yet maintain high load-bearing 
strength with low spalling! 


Only Johns-Manville’s insulating fire brick 
family offers the right combination of proper- 
ties to meet the diversified requirements of 


modern furnace construction. 


Johns-Manville’s nine different insulating 
fire brick mean you never have to settle for a 
brick that’s nearly right! Instead you choose 
the one insulating fire brick or combination of 
brick that best meets your specific require- 
ments for temperature resistance, load-bearing 
strength, conductivity and density. 


Johns-Manville has two strategically located 
plants for the production of insulating fire 
brick: Lompoc, California and Zelienople, 
Pennsylvania. Insulating fire brick and other 
Refractory Products are available from the 
stocks of Authorized J-M distributors in key 
industrial areas. 

For further information, call your nearest 
J-M representative. Or write for brochure 
IN-115A to Johns-Manville, Box 14, New 
York 16, N.Y. InCanada, Port Credit, Ontario. 


JM Johns-Manville REFRACTORY and 


PaeooucrTs 
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Photo courtesy of American Bridge Division of the United States Steel Corporation 


BAKER’S MAGDOLITE AND JEBCOLITE 


are always 5 ways better 


Continued research and development through- refractory costs—less defective production 


out the years, plus The J. E. Baker Company's material. 

precisely controlled manufacturing methods, Magdolite and Jebcolite* are the original 
have resulted in the superior, properly burned, dead-burned dolomites that offer better com- 
grain-sized Magdolite and Jebcolite particles position, preparation, strength, economy and 
quality. Don't say “dolomite.” Save dollars. 
Specify Baker's Magdolite for open hearth 
and Jebcolite for electric furnace use. 


which help provide 
More uniform ingots —increased pro- 
duction—increased furnace efficiency —lower 


*Jebcolite has the same superior chemical, physical and mineralogical characteristics as Magdolite 
and differs only in grain size which is designed specifically for electric furnace application 


THE J. E. BAKER COMPANY 


YORK, PENNSYLVANIA 


PRODUCTS PLANTS: BILLMEYER, YORK, PENNSYLVANIA — MILLERSVILLE, OHIO 
SINCE 1889 
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Books 


(Continued from page 1472) 


Phenomena, the Build-up of Largs 
Magnetic Fields Inside Stars, Pene- 
tration of a Shock Wave into a Mag- 
netic Field, Dynamics of a Pinched 
Gas, Scaling Laws as an Aid to Ex- 
perimental Studies, ete 


Nuclear-Atomic Economic Survey, 
published by the Nuclear-Atomi 
Survey, 101 Park Ave., New York 
$5.00, 1957 Investors and specula- 
tors are warned to cautiously ap- 
proach the o-called high-energy 
“exotic” fuels and new high-tem- 
perature metals by the Survey 

pecial research project report. The 
Survey reviews the profit and lo 

prospects in securities representing 
titanium, columbium, earths, 
boron, uranium and thorium 


KINNEY high capacity 
pumping system shown 
at left. 


Nuclear Notes For Industry has been 
terminated. Information on AEC un- 
classified technical reports of the 
type formerly covered in this publi- 
cation should consult Nuclear Sci- 
ence Abstracts, issued bi-monthly by = 
the Atomic Energy Commission 

NSA is available on subsc1 ption at 


$7.50 per year from the Superinten —_—_ CF 
dent of Documents, U. S. Govt 
Printing Office, Wash. 25, D. C This 500 Ib. melting 


and casting furnace, re- 
motely controlled from 
a graphic panel, can be 


Solid State Physics: Advances in Re 
earch and Application Vol IV 


edited by Frederick Seitz and David readily converted to ' 
Turnbull, Academic Press Inc., 111 semi-continuous opera- 
Fifth Ave., New York, $12.50, 1957 tion by addition of 
This volume covers Ferroelectric Vacuum locks. 

antiferroelectrics, Orthogon 


alized plane-wave methods, bibli 
ography of atomic wave functions 


“The outfit with the ‘know how’  tributing important advantages in 


techniques of zone melting and crys- has the answers’...and this is securing clean, dry Vacuum at 
tal growing and Theory of Mobility doubly true in Vacuum technology! even lower pressures. 

of electrons in solids. In view of the KINNEY High Vacuum Pumps pro. Now KINNEY offers the metallurg 
rapidly increasing research activity 

in the field of solid state physics, th vided the answers “away back ist new tools for production and 
editors are continuing the initial when” and you can practically research...complete High Vacuum 
policy of publishing two volumes a chart the significant advances in Systems — Evaporators, Furnaces, 
year for sometime longer. Vacuum processing by the devel- Drying Ovens and Packaged 
Thermal Stresses: by B. E. Gate- opments contributed to the art by Pumping Systems. And for the 
wood, McGraw-Hill, 232 pp., $7.50, KINNEY engineering. Metals industry — Complete High 
The KINNEY oil sealed rotating Vacuum Systems for Melting, De 


gineer and the aeronautical engi- 
neer, this is the first book on ther- 
mal stresses to cover all phases of 


plunger Pump, producing pres- gassing, Casting, Refining and 
sures down to 0.2 micron,continues Heat Treatment. 


the design problem of elevated tem- to be the outstanding Pump of its Yes, “for new developments in 
peratures. The author's purpose is kind in the world. The KINNEY Vacuum Metallurgical Equipment” 

five bas iformsé atts - 
to give beste Invormetion Ser attack Mechanical Booster Pump, intro- get the answers ~ based on experi- 


ing the problems of thermal stres 
and to indicate possibl» procedure 
for solving those associated partic 


duced but four years ago, is con- ence — from KINNEY. 


ularly with elevated temperature: IK t rd fe EY MFG. DIVISION 


in airplane and missile structure NEW YORK AIR BRAKE 


turbines, and nuclear reactors. e | 


The Solidification of Castings: 2nd W R T E: 20 - Bass 


Edition, Institute of Metals Mono- for Catalog No. lyin ily send me catalog No. 425 

graph and Re port Seri No. 7, by 425, fully describ- Also send further information on your complete Vacuum 
R. W. Ruddle, The Institute of Met- 
als, 4 Grosvenor Gardens, London, | 


equipment 


S. W. 1, England, $6.50, 1957.—Com- motion © _— 
n your 
pletely revised and almost four ifi 
times longer, the present volume fom. |Company 
critically summarizes the researche Address__ . 


{City Zone 


that have been carried out into so- 
(Continued on page 1482) 
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melt buttons, pounds, 


or tons in proved 


vacuum arc furnaces 


W. C. Heraeus of Hanau, Germany, have made and oper- 
ated more than 100 of these vacuum arc furnaces over a 
ten-year span 

Now you can share the mastery of vacuum melting and 
casting gained through this broad experience. The fur- 
naces are for sale on a royalty-free basis. Included are 
complete information and thorough training in proved 


techniques—all with no strings attached. 


2500 pound ingot of titanium cast in a single mold using ti sponge as the 


consumable electrode 


ntrolled atmosphere m 


con im, titanium md 
ol ry high purit ind 


en levels held to 


Unique electrode feed. | |i hiv! mel attained by feeding 


t wal ‘ ule rit i n stem, the 


Heratron ¢ trol, ton oltage, curret mad she ‘ ind 
twa md inch in lengtl 
Maintaining the vacuum. h purnpi tem wsermbled from the 


| ‘ ‘ if ‘ ‘ other 


Whether ve cate ‘ diffusion 


nm ‘ tel incl sy cil designs 


How to purchase. | hie e standard models of the Heraeus furnace 


ithe 


the Roots 


ved furnaces 


-_ 
= 


Consolid ated Electrodynamics Ingots of 16° diameter can be processed in this 


Model VA-L 600 sh Heraeus furnace. 
Rochester Division, Rochester 3, N. Y. 
formerly Consolidated Vacuum 


PRICE IN PRINCIPAL CITIES 
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pul ik pump ora Roots pump plus another mechanical pump - 
le the ‘ finest together ith the necessary vacuum con | 
to be dit bs. of steel 
has an exclusi ense to sell and service these furnaces, 
accessor ‘ complete discs these 
rite for Bulletin 4 4 sh 
s 
SALOS AND 


More 
with MORGAN- 


The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


The schematic shows the flow of combustion air and flue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 
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MORGAN CONSTRUCTION COMPANY worcester, mass. 
WORCESTER, MASS. 
ROLLING MILLS MORGOIL BEARINGS REGENERATIVE FURNACE CONTROLS EJECTORS PRODUCER GAS MACHINES 


0. 
RESEARCH 
MEN 


RARE 
EARTH 
ELEMENTS 


AMARILIMA WHOEVER AND WHEREVER YOU ARE, 


you are approaching completion of a special 


— program. Your project involves one or more 
; heavy” rare earths in reactor technology, 
special weapons, electronics, alloys or cet 
FeANLIAG mets. By now you've passed the break 
through point youre ready to move trom 
DV SPROSIUM the pilot stage to full-scale production 
MOLAAILING Michigan Chemical Corporation ts ready to 
supply you with production quantities of the 
ERBIUM heavy rare earths you need. You can 
specify oxides or salts, even certain metals 
Prices are reasonable and purities are war 
ranted to 999 
ERAILIM 
If you are interested in any quantities of 
M 


rare earth elements write for prices, avail 
ability and technical data sheets on your 


company letterhead 


RARE EARTHS AND THORIUM DIVISION 


ees MICHIGAN CHEMICAL CORPORATION 
573 North Bankson Street, Saint Louis, Michigan 


US Pat OF 
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Books 
(Continued from page 1479) 


lidification and presents the results 
to the reader in a readily assimilable 
form. The book is intended prima- 
rily for the research worker and 
advanced foundry technologist, but 
much of it will be of great interest 
to the practical foundryman 


Behaviour of Metals at Elevated 
Temperatures: published by Philo- 
ophical Library Inc., 15 E. 40th St., 
New York 16, N. Y., 122 pp., $6.00, 
1957.—The volume covers the effect 
of temperatures from only slightly 
above normal up to the highest 
working limits. These papers con- 
tain the latest information on a 
number of subjects such as: the 
effect of temperatures up to 450°C, 
with particular reference to air- 
frame structures and guided mis- 
iles, the effects of temperatures of 
500°C upwards on non-ferrous met- 
als and the effect of high tempera- 
tures on the engineering propertie 
of metal Included in the text are 
63 diagrams and 3-pages of art 
plates. e 

U. S. Research Reactors: Office of 
Technical Services, U. S. Dept. of 
Commerce, Wash. 25, D. C., 73 pp., 
$1.50, 1957.—The paper bound book, 
released by the U. S. Atomic Energy 
Commission, is ilustrated with 116 
drawings, photos, diagrams, and 
charts, describing more than 30 re- 
earch reactors, now in operation or 
under construction. The booklet in- 
cludes some cost information and 
has a brief glossary of reactor terms 


Recommended Practice for Repair 
Welding and Fabrication Welding of 
Steel Castings: published by the 
Steel Founders’ Society of America, 
606 Terminal Tower Bldg., Cleve- 
land, 50¢, 1957.—Replacing an ear- 
lier publication first issued by the 
ociety in 1951, the new manual fea- 
tures what is probably the most 
comprehensive listing of the Ameri- 
can Welding Society Classified Mild 
Steel and Low Alloy Electrodes 
Published to date. The three sec- 
tions of the manual cover welding 
methods, electrodes and  recom- 
mended welding procedure for 
carbon steel and low alloy casting 
with each general alloy series in- 
dexed for quick reference 


Precis De Magnétoscopie, by E. A 
W. Miller, Dunod, Pari France 
169 pp., $5.50, 1957.—A French trans- 
lation of steel (flaw detection). The 
three chapters cover demagnetisa- 
tion, economic considerations, and 
literature references 

Précis De Métallographie Appliquée, 
by A. Roos, Dunod, Paris, France 
381 pp., $12.00, 1957.—This outline of 
applied metallography begins with 
a general discussion of crystal struc- 
ture. The general characteristics of 
binary alloys are discussed, leading 

(Continued on page 1486) 
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reasons why you should specify... 


ATIONAL 


TRADE-MARK 


Electric Furnace Electrodes 


Quality 


Uniform product 
quality recognized as 
the industry’s highest. 


Service 


Technical group .. . 
highly qualified ... 
available to help you 
attain highest elec- 
trode operational 
efficiency 


T 

Free electrode train- 
ing courses conducted 
in your plant or at a 
place of your choosing. 


Packaging 
Protects electrodes 
from end-face chipping 
... keeps sockets clean 
... speeds handling. 


“National” electrode quality and technical service combine to insure the best opera- 
tional results possible for you. Write or call National Carbon Company for details. 


lhe term National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY ~ Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N.Y. 
Sale fhice tlanta, Chicago, Dallas, Kansas City, Los Angeies, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited. Toronto 
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A famous metallurgist once wrote: “50% of all rejects can be traced to 
faulty melting and pouring.’ When molten metal is overheated, important 
alloy ingredients are lost by burning. Castings or billets may be porous from 
combustion gases absorbed by the molten metal. Frequently, unwanted alloy 
ingredients are picked up from the containers used in melting. If the temper- 
ature of molten meta! flowing into a mold strays from the optimum, defective 
castings will result. In a quiet melt alloy ingredients may not dissolve properly, 
and the metal cast will not meet specifications. Finally, there is the problem of 
nonmetallics suspended in the melt which cause occlusions and other diffi- 
culties in the end product 

60 CYCLE INDUCTION MELTING, properly applied, is probably the 
biggest single step that can be taken to overcome these traditional melting 
problems. The method is unique in its combination of two factors: Heat is 
generated only in the molten metal, and the entire melt is stirred by electro- 
magnetic pressure. Furthermore, high melting rates can be concentrated in a 
small space No part of the furnace is hotter than the metal. Combustion 
gases are absent and controlled atmospheres can be used. The container is 
constructed of refractories inert to the molten metal. Temperature contro! of 
unprecedented precision is inherent in the method Electromagnetic stirring 
assures complete dissolving of all ingredients and a uniform alloy. Suspended 


nonmetallics are deposited in the electromagnetic pressure area. 


These are basic reasons why 60 CYCLE INDUCTION MELTING has had 
such a spectacular growth in the postwar period. Modern plants require high 
production rates with controlled quality, yet can assign only a minimum of 
skilled labor to each operation. 60 CYCLE INDUCTION MELTING minimizes 
hard labor in melting. It enables process control to substantially decrease the 
effect of human error. Cost reductions are reflected throughout each step of 


fabrication of a casting or billet to its end use 


60 CYCLE INDUCTION MELTING, firmly established for thirty years as the 
predominant production method for melting brass, has recently been applied 
on a much larger scale. In the last ten years, as new furnace designs became 
available, the method has been rapidly adopted by many progressive compa- 
nies in the fields of aluminum die casting, aluminum extrusion, aluminum wire, 
aluminum coating, leaded copper alloy casting, zinc die casting, and galva- 
nizing of strip in the steel mills. Well over one thousand 60 CYCLE INDUCTION 
MELTING furnaces are now operating in these new fields. 


Our 60 CYCLE INDUCTION MELTING furnace takes many different forms 
to meet the needs of all these industries. Unit production rates now range from 
150 pounds to 40 tons per hour. We specialize in the development, design, 
and manufacture of standard and custom-built furnaces to meet each require- 
ment. If there is a production melting problem in your operation which may 
benefit from a basic change in method, we should be glad to discuss the 
possibilities with you 
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Columbium and you, the steelmaker 


*) Know how .10 Cb will increase physical properties ? 


*) Know how Cb will benefit high temperature steels? 


Extensive test and development work by MCA has 
recently revealed astonishing results in the use of 
columbium in steel making. Particularly in con- 
structional steels those used in road machinery, 
airplane landing gear, and plates for example, 
where the impact stress is severe-—progress in 
physical properties has been most striking 

In some cases steels with economical additions of 
columbium may avoid the necessity of heat treating 
and be used in the as-rolled condition. In other 
applications tensile strength may be increased 
many thousands of pounds per square inch. Signifi- 


MOLYBDENUM 


CORPORATION OF AMERICA 


Grant Building 


cantly, steelmaker's economics justifies the use of 
columbium, in these steels, since the results ob 
tained are most rewarding for the small cost of 
columbium additions. We confidently expect even 
greater progress as the developmental knowledge 
in this new field increases 

We are anxious that steelmakers, engineers and 
metallurgists know of the latest progress in this 
field. An inquiry on your company letterhead 
stating your particular interests will bring confi- 
dential and prompt response. Write today. 


Pittsburgh 19, Pa. 


Offices. Pittsburgh, Chicago, Los Angeles, New York, San Francisco 


Soles Representatives, Donaldson Co, Los Angeles, San Francisco 


Subsdiory Cleveland. Tungsten, inc., Cleveland 


Plants: Washington, Pa., York, Pa 
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uniform 
temperature 
distribution 


rigid 
zone control 
to + 3° F. 


MARSHALL 


FURNACES 


FI RNACES 


Write today 
for complete literature 


Marshall's tubular, shunt-type laboratory furnaces are 
compactly designed to apply electrical heat up to 
2600 F under exact control They are widely used 
as components of machines for tensile, stress-rupture 
and fatigue testing of metals, ceramics and cermets; 


also for creep testing metallic alloys 


Marshall's control panel regulates the amount of heat 
developed in the whole unit. Accurately spaced, prop- 
erly anchored furnace coils maintain uniform tempera- 
ture distribution. Test duration may range from 


moments to 10,000 or more hours 


Rigid control to * 3 F. at any point inside the furnace 
is easily achieved Many experienced operators of 
Marshall furnaces report temperature can be held to 

1 F. Shunted resistances, co-ordinated with the con 
trol panel provide the extremely accurate zone 


by-zone temperature control. Standard models are 


available with inside diameters from 1 to 6° or 


more, and from 12'2” to several feet long. Custom 


models are developed to meet special needs 


270 W. LANE AVENUE 


COLUMBUS 2, OHIO 
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and particularly the  iron-carbon 

diagram. The book ids with a brief 
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Titanium, FF. S. Smither r Co., 1 

Wall St.. New York 5, N 100 pp 

$5.00, 1957 A condenst presenta- 
ource and avallability 

proce in j ) duction 

econo 

for 

of the 

pantie in the 

other muiscellaneou tatistic 


individual com 


titaniur and 


Carburized 


A merican 


Fatigue Durability of 

Steel, published by The 
Society for Metals, 7301 Euclid Ave- 
nue, Cleveland 3, Ohio. 123) pp 
$4.00, 1957.—-A group of three pape! 
iu follow effect of condl 
tion on the fatigue re 
hardened steel immarized result 


irface 
tance of 
of an extensive eri of tests on 
fatigue durability of carburized 
A immary of the overall 
research is included and there 1s a 
bibliography 


Brittle Behavior of Engineering 
Structures, by Earl R. Parker, John 
Wiley & Son Ine 323 pp $6.00 
1957.—This volume immarize the 
available information on 
mental propertie and fracture the- 

- test methods and interpreta 
tion of results: influence of chemical 
ition and manufacturing 


effect of 


funda 


compo 
welding compo- 
variation residual stresse¢ 
and reports on indi 
failure 


practice 
ition 
design 


vidual 


aspect 


ervice 


Principles of the Properties of Ma- 
terials by Jacob Porter Frankel, 
McGraw-Hill Book Co. Inc., 221 pp., 
$6.00, 1957.—Principles and proper- 
ties are emphasized rather than ma- 
thi new tudy of the 
of material The book 
which is intended as an introduction 

all fields of engineering, is based 
prepared 
prop- 
Northwest 


Institute. e 


terial it 
prope rtie 


eri of lecture note 


ophomore classe im the 


Thermodynamics for Chemical En- 
gineers 2nd edition by Harold le 
Weber and Herman P. Messner, 
John Wiley & Son Ine 

$8.50, 1957 Thi 


comprenensive covera} 


econd edit 


ciple and applhicatior 


the v vypoint of both 


thermo- 
namics tro 
the ngineer an 

book inelude an expa! 

ment of fluid flow, plus descriptive 
chapters on ngu 
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One method of thermo-compression bonding. 
A heated 


heated semiconductor with enougt 


wedge presses a wire against a 


force to 


deform the wire. Adhesion occurs in seconds 


Thermo-compression bonding 
provides a new way to attach a 
wire to a semiconductor. It calls 
for heat and pressure — nothing 
else. The wire and the semicon 
ductor are moderately heated, 
then pressed together under mod- 
erate pressure. The resulting bond 
Is very strong —stronger actually 
than the wire. No chemical flux 


or molten metal is required. 


Eliminating molten metal pro- 
vides an enormous advantage in 
fixing electrical connections to 
transistors. That's because molten 
metal tends to spatter and spread 


uncontrollably over the surface of 


Thermo-compression bonding— 


Wire bonded to 
Wires only 1/10 the t 
anchored to 


an ohmic contact or re 


a semiconductor. And it may alloy 
with the semiconductor to alter its 
all-important crystalline structure 
and chemical purity. Thermo- 
compression bonding easily and 
quickly makes a strong permanent 
without 


electrical connection 


damaging the semiconductor. 
Furthermore, the lead may be at 
tached to microscopic areas and 
precisely positioned, a most valu 
able aid in the construction of 


high-frequency transistors 


Thermo-compression bonding 
will speed the production of tran 
the transistors needed 


to fill all the new jobs Bell Lab 


sistors 


BELL TELEPHONE 


WORLD CENTER OF COMMUNICATION fe 


anium by thermo-compres 
germaniun 


wire and the semiconductor 


new way to join metal to 


ion technique (enlarged) 
fully 


The bond be 


readth of a human haw have been succes 


airs thick 


wafers only three he 


contact by adding suitable impurities to the 


tifying 


semiconductors 


oratories finds for them in the quest 


to provide still better telephone 


service to oul 


prowing Country. 


LABORATORIES 


AND OFYV OPMENT 


LARCH 


DECEMBER 1957, JOURNAL OF METALS—-1487 


| 
‘ 
\ : 
a” 
4 j 
> 
4 
At He Lat Howard Christensen and Orsor 
Ander i theid seryotnewbond 
nie opr pie with Peter A lreatct Ir who 
‘ 


ing the San Francisco Bay area and the Sacra- 


Relieves trattic congestion. ‘To handle the ten 


million cars a year which now funnel onto the mento Valley. Use of nickel-containing I 


Carquinez Bridge, (right) the State of Steel in critical tru members has simplified de- 


is building this second bridge connect sign...reduced unnecessary weight...saved money. 


A tale of two bridges 
an $800,000 saving 


A/most times the yield strength of structural ... added corrosion resistance ... 
tut there are two differences. The carbon steel. It at least fourtimes dependable strength? A nickel al- 
tant toatmospheric corrosion loyed steel may be just what’s needed 


on the right is 830 years old. Her 
And it can be welded with relative to improve whatever you're making 


or building. Let us help you find out. 
Another big difference is in their Her t | 
ction material The most It reduces weight and simplifies ere at Ineo, you can get coun el and 
: design data based on years of specialized ex- 
perience with alloys containing 


brand new, 
Cause 


ed truss members of the 
are | . " Steel... According to computations by the nickel 
trengtn ce ictional oti of California, “T-1" Steel will 


ction costs. The International Nickel Company, Inc. 
» you looking for weight saving 67 Wall Street ano, New York 5, N. Y. 


INCO NICKEL 


NICKEL ALLOYS PERFORM BETTER, LONGER 
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Consumable-Electrode Vacuum Remelting Furnaces 


Allegheny Ludlum Steel Corp. has recently put in operation at Watervliet, N. Y., 
what is probably the largest furnace for melting high-purity superalloys under vac- 
uum. This new consumable-electrode vacuum remelting furnace is capable of pro- 
ducing 26-in. diam ingots weighing up to 12,000 lb—believed to be the heaviest 


ingots produced by any vacuum melting process. This furnace brings the plant's 


capacity for producing the supermetals to 2 million ingot lb monthly. Further de- 


tails on vacuum melting are found on p. 1513 


and Another 


The first billets of Mid-Vac steel, made by the new consumable-electrode vac 
uum remelting furnaces at Midvale-Heppenstall Co. in Philadelphia, were shipped 
in recent weeks. The furnace produces ingots up to 20-in. diam, weighing 8000 Ib 


Induction, Vacuum Furnace Installations 


A large induction, vacuum melting furnace is in the final stages of installation at 
the Minerva, Ohio, works of Kolcast Industries Inc., affiliate of Thompson Products 
Inc. The furnace will be capable of melting 350-lb heats Consolidated Electro 
dynamics Corp. has put into operation a similar furnace for melting 300-lb heats 


Reactive Metals Research 


tor 


At Watertown Arsenal in Massachusetts, investigations on titanium, other reactive 
meta's, and new guided-missile metals will be carried out with the help of a new 


500-lb capacity vacuum induction furnace built by F. J. Stokes Corp 


Beryllium 


for First Commercial-Scale 


At Hazelton, Pa., The Beryllium Corp. is placing in operation a Stokes induction, 
vacuum melting furnace for what is reported to be the first commercial-scale pro 


duction of pure beryllium for nuclear reactors. The furnace has a crucible with a 
capacity for 120 lb of beryllium. Crude metal, in the form of shot, is charged into 
the crucible. After being melted and refined under a pressure of about 10,, the + 99 
pet Be is poured into ingot molds. As many as five molds, 13-in. OD by 24-in. high, 


can be accommodated on a water-cooled rotating turntable, 36-in. in diam, which is 


housed within the vacuum chamber 


Vacuum Casting Progress 


At U.S. Steel Corp.’s Duquesne Works in Pennsylvania, large commercial castings 
are now being produced by a vacuum casting method. The vacuum casting cham 
ber consists of a cylinder 17 ft in diam and 30 ft high, in which ingots up to 95-in 
diam and weighing 360,000 lb may be cast. Inspection of the ladle stream within 
the chamber is carried out by means of a closed-circuit television hook-up. When 


the television indicates that the ingot is completely poured, the vacuum in the 


chamber can be broken, and the ingot can be removed. It takes at least 2 days to 
cool the ingot before it can be further processed. Preliminary tests indicate that 
these castings, which are processed into large turbine and generator shafts, are 


superior in quality to those produced by conventional methods 


... and, from the staff of Journal of Metals 


Che Very Hest Wishes For Che Holiday Season 
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Elements of Heat Transfer, 3rd Ed., 
by Max Jakob and Ge Or ge A. Haw- 
John Wile y & Son Ine 317 
pp., $6.75 The new edition 
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The Handbook of RKadiochemical 
Analysis, by L. . fait, Jr., and 
Luker Jt Office of 
Technical Ser j 1OW 


tern 


atlable 
Div 
ve tichmond, Calif 


volume Vol. 1 


the book in two 
Radiochemical Techniques, 152 pp. 
$4.00, and Ve 2. Radiochemical 
Procedures, | 2! $3.25.-The hand 
al analy 
ion product 


book deal h radiochemu 


dom undet 


Tracerlab 


Pressure Measurement in Vacuum 
Systems by J. H. Leck, The Insti 
of Phi 47 selprave 

l, England, 141 pp 

A comprehensive book 


detailed 


ure 


treatment 

nt of pressure. The ma 
ented in six independent 

the first five of which de 
lifferent 


irement in common use 


methods of pre 
prin interest 
the viscosity manometer 


The final 


voted to gage calibra 


been considered 


chapter 1 ade 


t. S. Department of Commerce 


Publications 


on from 


Office of Technical Services 
U SS Dept of Commerce 
Washington 25,D C 


PB 131104 True Stre Elongatio 
Recorder D. E. Driscoll and T 
DeSisto Arsenal 


1955 


PB 131111 in Electronic Signaller 
to Reduce Quench-Cracking of Steel 
L. D. Jaffe juffum, and 

L. Preble rtown Arsenal 


ny $100. 38 


Treat 


and 


MITG 
ment f S 


Other Ores, AEC $1.25, 42 


pp 1951 


RMO-2802 Recovery of Uranium 
Values from Ore and Concentrate 
Samples, Progress report No, 2, AEC 
report, $4.50, 167 pp., 1955 


report, 


RMO-2804 Recovery of Uranium 
Values from Ore and Concentrate 
Sample Pilot Plant Test Opera- 
Progre report No. 4, AEC, 
39 pp 1955 


tion 
$) 20 


WIN-31 A Solvent Leaching Process 
Production of High-Purity 
Product Directly from 
Ores, AEC report, 75¢, 


for the 
Uranium 
Low-Grade 
22 pp 1955 

WIN-54 Laboratory Invest gation of 
Dakota I ignite AEC $4.50, 
167 pp 1957 


report 


Continuou Calcination 


UNH to 


1957 


HW -49652A 
Equ pment for Converting 
UO,, AEC report, 50¢, 17 pp 


TID-10163 Quarterly Progre Re- 
port for the Period Ending Dec. 31 
1954 Brunswick Laboratory, 
AEC Report, $2.50, 90 pp., 1955 


BNL-446 Studie on Characteristu 
of Savannah River Wastes, Final re- 
port AEC $1.00, 26 pp 1957 
BNL-453 Separat on of Cesium and 
Strontium Calcined Metal Ov- 
des as a Proce in Di posal of H gh 
Level Waste AEC 
pp., 195% 
HW-49549A Treatment Ga 
Effluent AEC re port, 7! 26 pp., 
1957 


from 


report 006 & 


eou 


IDO-14416 Calcination of Aluminum- 
Type Reactor Fuel Waste in a 


Fluidized Bed, AEC 
pp 1957 


report, 7! 16 


NYO-4612 Evaluation of an Exper 
French Wet Scrubber Soli- 
AEC re port $1.50 90 pp., 


mental 
rore 


1957 


Ra- 
AEC 


tribution of 
Graph te 


1957 


HW -49626 (rev.) Di: 
Damage wu 
15 pp 


diation 
re port 


AEC-tr-2924 Problems of Metallog 
raphy and the Physics of Metal 

i mm, Inst. of Metal- 
Physics of Metals, 
1955 


Fourth Syn po 
lography and the 


USSR, $2.20, 476 pp 
The Statistical Theory 
ition by B. T. Geil- 
1954 


AEC -tr-2855 
of Phase Tran 
ikman, 45¢ 77 pp 
AEC-tr-2876 

Parts 1 
and V. B 
549 pp. (in 2 vols.) 


Quantum Electrody- 
and 2, by A. I. Ak- 
Berestetsky, $2.65 


1953 


namie 


MeZzer 


Theoretical Py neiples 
Inve tigat ng 


AEC -tr-2873 
of Isotope Methods for 
Chemical Reactu 

ky, Inst. ef Phy 
Academy of Science 
456 pp 1956 
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for accurate analytic results 


Leitz DILATOMETER 


for accurate metal analysis 


Researchers consider dilatometric analysis the most sen- 

sitive and reliable method for precise determination of 
sansion coeff ent f metals ncludu j the new 

ultra-high melting point 

DILATOMETER 

its Own temperature > ‘ yielding data fo 


coefficient expans 


Leitz METALLUX 


for superior metallography 


Superlative optical qu 


tional features make 


ise contrast observat 
idapts the METALLUX f 


Low position controls for f 


leitz SHOP Ope 


for easier metallographic examinations 


E. LEITZ , Department JM-12, 
468 FOURTH AVE., NEW YORK 16, N.Y 


Please send me od jitional information on the 
DILATOMETER METALLUX MICROSCOPE 
SHOP MICROSCOPE 


Name —— 


Street 


E.LEItz, inc., 468 FOURTH AVENUE, NEW YORK 
of the w id-famou ¢ produ 
Ernst Leitz b hh Wetziar Germany tz Canada Ltd 


LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 
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y this Leitz instrument the logical 
/ choice in meta! unobst ted pright stage 
-* clined eyepieces, unique quintuple piece, built-in 
eo vert minatior The METALLUX is equipped for “ 
iter testing photography 
Tf 
4 
Me | A wide range of metallographic observations — from Ais 
shop microscopy to classroom met rgical study — are a 
5 — within the scope of the new Leitz SHOP MICROSCOPE Bric. 
© f | yome of its pract features ny t st d with Ra 
rotating glass plate j e focusing plus 
built-in, vert nination. With single. or multiple 
objective, revolving nosepiece 
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WW 
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ALLOYS ALONE 
ARE NOT ENOUGH! 


The development of new and better alloys or improvements in mak- 
ing and using them is only part of the job at ELECTROMET. The service 


you get with the alloys you buy is equally important. Here’s where 


ELECTROMET is really unique. Just read the following and see if 


you're vetting the most out of your present alloy purchasing program. 


FOR INSTANCE...ARE YOU GETTING 


THIS? The combined 


knowledge of more than THIS 


killed engineers and scientists who 


with advanced 


most perplexing alloy 


The experience of sales engineers skilled 
in the most efficient use of alloy 
can help you with your call in ELECTROMET 


using proble ms proble m that may come 


© experience ready to quickly 
pecialists on any technical 
up. 


THIS? assurance 
time. Selection fi 
Mock rn, efficient 


conter 


of top quality products every THIS? \ 
om more than 100 different alloys 
plants convenient 
Kquipment deve 


standarda, make 


irance of continuing supplies and 
fast delivery service from convenient, well 

to steelmaking plants and warehouse The most important alloy 

lopments that rae quality are stocked by ELECTROMET near every major meta! 

economies possibl 


producing center in the nation. 


(ee 
- 
4 
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rineer brir 
ise of ; 

PROMET organization | 

Wi nvit y 


Cali 


You should have thi 


about all ELECTROMI 
ices. Write for 


for your 


you 


our 


a 


on-the 


. Their experience backed by 


Urance 


of 


he 


sat 


istance 
entire 
tistiae 


pape bool let 


and 


ELECTRO METALLURGICAL 
COMPANY 


Electromet 


FERRO-ALLOYS ANDO METALS 


ba 
int 
| 
10 Rast 42nd Street Yew York 17, N. ¥ 
n of Un i Cn le Canada Limited 
UNION 
CARBIDE 
The tern t tror t ( bide” are res ered t ‘ 


SWINDELL-DRESSLER CORPORATION 


ELECTRIC MELTING DEPARTMENT 


eee 
e . 
4 
We 
4 


swi NDELL- 
DRESSLER_ 


ENGINEERS 
CONSTRUCTORS 
MANUFACTURERS 
P.O. BOX 1888, 
PITTSBURGH 


To OWNERS’ KEY / 


The Melting Shop from the ground up, equipped and 
ready for the first heat of steel . . . a complete 

service rendered by Swindell-Dressler Corporation, 
engineers and constructors to the steel industry 


for over a hundred years. 


Your inquiries are invited on complete Melting 
Department design and construction, modernization 
or re-equipment by this experienced organization. 
We will be glad to consult with you on providing 
cost studies, design engineering, construction 
management, equipment manufacture and 
procurement —any or all phases of your 
contemplated project. Write us in confidence 


for preliminary discussions. 


<3) 


Kaz 
OLD DLE 
SIVUC 
Lp 
y a, 
Y 
FROM STUDY. al 
ul 
> 
te 
= 
| 


STEEL 


sells 


linar, Plans of 


"On of 

Pp 


ist} 
Rained it “Story 


des 
/ w, 
“ 


furthe 
from the 


With 


W, RAN this ad for a Corhart Electrocast Refrac 


tory a lithe over 25 years ago—back when only a 

handful of glass manufacturers would think of using 

this new product, “one of the world's highest priced 

refractories”. Yet today virtually every furnace in the te, 

glass industry uses Corhart Electrocast 
DURANCE 


To‘ ay Corhart 104 is new in the steel indus- 

try. And although it too is ‘‘one of the world’s 

highest-priced refractories'', it offers open- CORHART | Al 
hearth furnace operators the same opportun- 

ties for greater production and lower costs ELECTROCAST 
that Corhart Electrocast brought to the glass 

REFRACTORY 


Would you like to have complete data? Address: 


othart’’ and are registered Trade Marks which 


Corhart Refractories Co., Incorporated, 040 Common ndicate factu ‘ ctor ompany 
rie 940 Commonwealth Building 


wealth Bldg., Louisville 2, Ky., ULS.A., JI niper 5-4201, ‘ le 2, Kentuc lelephone JUniper $-4201 
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affects corrosion resistance 


How composition 


WHAT’S NEW ON ZIRCONIUM? 


This U.S.1. booklet gives you information 
you can use... Send for a copy! 


Today, with zirconium production trending 
sharply upward, and price downward, interest 
in this new and unique metal is growing rapidly. 
To answer your questions avout zirconium 
and its relative, hafnium, U.S.1. has prepared 
an informative new booklet —“ZIRCONIUM 
and HAFNIUM.” The booklet gives the impor- 
tant facts on these newly available metals... 
lists important mechanical and physical prop- 
erties of both... describes briefly the new 
semi-continuous sodium reduction process tor 
production of zirconium and hafnium. 


You'll find the outstanding corrosion proper- 


USTRIAL CHEMICALS co. 


99 Park Ave, New York 16,N. 7 
Branches in principal cities 


Please send me a copy of “ZIRCONIUM and HAFNIUM” 


ties of zirconium compared with other impor 


tant metals... phase diagrams of twenty binary 
descriptions of several fabri- 


alloy systems... 
cation techniques. 


You're sure to find “ZIR- 
CONIUM and HAFNIUM” 
valuable in discussions and 
as a preliminary reference. 
kor forward the 
coupon today or just send 
your name on your com- 
pany’s letterhead, 


your copy, 


Compony 
Street 


State 
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MEMORANDUM: 


They have a 


From the Desk 
of the President 
To: Purchasing 
Department 
Investigate Davison's 
entry into the 
thorium and rare 
earths field. Under- 
Stand they are pro- | 
ducing materials 
which should be of iy 
interest to us. i 


reputation for de- | 
pendability of prod- , 


ucts and service, | 


| Two plants, one at Pompton | 


Plains, N. J. (formerly Rare | 
| Karths, Inc.) and one at Balti 
more, Md. are in operation 
| Your inquiries concerning 
products, samples and research 
and development services are 


welcome 


Var 


Chemistry 


| 


DAVISON CHEMICAL COMPANY 


of WR Grace ACS 
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News of 
EDUCATION 


& The International Nickel Co. Ince 
has established a Chair in Chemical 


Metallurs it Columbia University 
re il acceptances of the Cham 
which is endowed by a grant of 


$350,000. was disclosed as a result of 
] iken in the first fall 
of the University trustee in Octo 


meeting 


f ia incidental 
to establishment of the Chats 

The new Chair ha 
Thompson Chau 


been designat 
ad i the Stanley 
of Chemical Metallurgy in honor of 
School of 


chau 


two alumni of Columbia 
Mine Robert Crook 
board and chief officer 
of Inco until his death in 1951, and 
John Fairfield Thompson, chairman 
of the board and chief officer of 
Inco sinee 1951 

Jack Henry Schulman of Cam 
bridge University, England, ha 
appointed first incumbent of the 
Chau Ihe began hi Columbia 
immediately follow 
Schulman 
has been reader in surface chem) 
try and a fellow of Trinity Hall 
He recently resigned 
director of the Ernest 
Oppenheimer Laboratory the 
Dept of Colloid Science at the Eng- 


Stanley 


man of the 


be en 


teaching duti 
ing the appointment. D1 


Cambridge 


his position a 


lish University 
In making the 
Wingate, president of Inco 
that the company wished to support 
fundamental research in the surface 
pect of 


Henry 5S 
explained 


grant, 


chemical and physical 
many problems in mineral beneficia- 
tion and extraction metallurgy 


Machinery Co 
en ond contri- 


Morse Brother 
Denver, has made a 
bution of $1000 to the Colorado 
School of Mine The pift 1 the 
econd payment on a $5000 pledge 
made by the company last year 
his particular portion of the pledge 
payment has been re tricted to the 
capitol improvement program being 
directed by the Colorado School of 
Mine Foundation Ine 


vorld first Junior Solar 
ymposium will be held on Mar. 1 
198 ut Arizona State College 
rempe, Ariz., and is under the spon 
orship of the Assn. for Applied 
olar Energy 


the College ind the 

Arizona Junior Academy of Science 
The Symposium will provide an op 
portunit for tudent below the 
Lle-ge evel to take part In a scien 

tific meeting 

Part { the pe i will be a 
itest f entrie of an exhibit ae 
panied t i paper ribir 

the re ire! tud por vhich the 

hibit 1 t ed All entre are to 
based ! ome phase of ola 

‘ ind ist be ubmitted no 


later than Feb. 12, 1958, in order to 
be judged. Prizes will be awarded 
for the best entries and those win 
ners will be invited to present their 
papers at the Symposium. Applica 
tion blanks for entry may be ob- 
tained from the Assn. for Applied 
Solar Energy $424 North Central 
Ave., Phoenix, Ariz 


®& Candidates for engineering posi 
tions with the Federal Government 
are invited by the U. S. Civil Serv- 
ice Commission to file for position 

The announcement No. 112B was i 

ued July 30, 1957, and there is no 
closing date. Candidate must hold 
i B. S. degree from an accredited 
college or university with a suitable 
curriculum in engineering or closely 
related fields or have the equivalent 
technical engineering experience or 
combination of experience and edu 


cation. In additior certain levels of 


engineering positions have certain 
profe ional engineering experience 
requirement Candidat« must be 


U.S. citizens or owe allegiance to the 
U.S. and must be able physically to 
perform the duties of a given pos! 
tion. Student who will complete 
their 
nine months dating from July 30 are 
eligible to apply. Further informa 
tion and announcement No. 112B 
may be obtained from the Executive 
Secretary joard of U.S. Civil Ser 
Washington 25,D.C 


enior year or graduate course 


vice Examine! 


®& Senior postdoctoral fellowships 
will be awarded on Mar. 18, 1958, by 
the National Science Foundation 
Approximately 25 senior postdoctoral 
fellowships will be awarded to per 
ons planning additional study and/ 
or research to 1) increase their com 
petence in their specialized fields of 
cience or 2) broaden theu compet 
tence in related field of cience 
For full information in regard to el 
igibility for and provisions of these 
fellowships write to: Div. of Scien 
tific Personnel and Education, Na 
tional Science Foundation, Washing 
ton 25, D. C Application material 
may also be obtained from this div! 
ion and completed materials must 
be received by the division no later 
than Jan. 13, 1958 


& Oct. 31, Nov. 1 to 2, Edgewater 
seach Hotel, Chicago. Sponsored by 
Engineering Manpower Commission 
of EJC; Scientific Manpower Com 
mission; National Science Founda 
tion; National Research Council; lo 
cal ponsor Western Society of 
Engineer Purpose was to update 
facts on “Engineering and Scientific 
Education Foundation of National 
Strength”. Participants included Lee 
A. DuBridge, president of California 
Institute of Technology; M. H. Tryt 
ten, National Academy of Science 
Gordon B. Carson, Dean of Engi 
neering, Ohio State University; J. S 
Nichola Department of Zoology, 
Yale; W. C. Fels, president of Ben 
nington College W. H. Miernyk, 
Northwestern University: and others 


a 
— 
it 
a ber In addition to the basic grant 
the P iy f+ $7 000 
¢ 
Progress 
| 
Baltimore 3, Md. and Pompton Plains, N. J. 


backed by 
over 100 years 
of 
experience in 
refractories 


NORTH AMERICAN | 


HIGH ALUMINA-FIRE CLAY-SILICA BRICK 


Mortars: Plastics: Castables:Gun Mixes 


DOVER, OHIO PA ASHLAND KY HAYWARD KY 


we "4 
WOMELSOORF, PA - LEG LUMBER CITY, PA 
Y 


orrices + CLEVELAND 14, 


Cross Bide. 2. 1439 Oliver Building, Pittsburgh 22, Po 
Street Besten 10 Mass Curtis Rvilding, Oetreit 2, Michigen 2. Ome 


ACTORIES LTD., 191 Victoria Ave., South, Hamilton, Ontario 
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1500 


How 
fast 
tomorrow ? 


M* has flown over 2,000 mph. Already 
there is talk about 4,000 mph. Tomorrow 
it may be 10,000 mph. Is there a limit to the 
speed of tomorrow’s aircraft? 

Actually there are many factors that will 
define this limit. One is the basic need for an 
airframe skin material that at temperatures 
of 800° to 1,000° F. combines a tensile 
strength of over 200,000 psi with good oxida- 
tion resistance. This in itself presents a prob- 
lem, but in addition, the material must be 
capable of fabrication into finished assemblies 
on existing manufacturing facilities and, fur- 
thermore, should require a minimum of scarce 
alloying elements, so that it can be produced 
in quantity even in an emergency. 

As a possible solution to this complex 
problem, United States Steel has presently 
developed “USS 12 MoV”—a modified type 
422 martensitic stainless steel—that shows 
definite promise of meeting all the exacting 
requirements of high speed flight. 

With a nominal composition of C 0.20, 
Mn 0.50, Si 0.50, Ni 0.65, Cr 12.0, Mo 1.0, 
V 0.30, “USS 12 MoV” Stainless Steel is 
relatively “lean” or free of scarce alloying 
elements. Yet it retains strength above 
225,000 psi in tension, throughout the range 
of room temperature to 800° F. In this regard 
it appears to be superior to those materials 
which, until now, have been considered the 
most promising for aerodynamic applications. 

Important, too, both to the steel and air- 
craft industries is the fact that the heat treat- 
ment essential in developing the required 
tensile strength of “USS 12 MoV” can be 
carried out by methods already widely used 
by nanufacturers and fabricators. United 
Stat « Steel Corporation, 525 William Penn 
I. ce, Pittsburgh 30, Pa. 


UNITED STATES STEEL 
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speed production in 
continuous pipe mill furnaces 


TAMUL® (Taylor sintered synthetic mullite) refractories are 
preferred by operators of continuous butt-weld pipe mill 
furnaces*. Heating cold skelp for 44” diameter pipe to 2500° F. 
in 21 seconds produces furnace conditions in which ordinary 
refractories quickly fail. 


TAMUL burner blocks are regularly used in these furnaces both 

on original installations and on repairs. TAMUL brick are 
installed in the inner linings of side walls, in recuperator uptakes 
and in the bungs. This condition results in longer furnace 
campaigns because TAMUL has: 

® High softening point. 

@ Freedom from shrinkage in service. 

@ High hot load strength. 

@ Good resistance to slagging. 


* Engineered and built by 
Salem-Brosius, Inc., Pittsburgh, Pa 


Canada CHAS. TAYLOR SONS 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. sit The A A R Cr, 


mm) 


Hamilton and Montreal A SUBSIDIARY OF NATIONAL LEAD COMPANY 


REFRACTORIES SINCE 1864 CINCINNATI OHIO « U.S.A 


DECEMBER 1957, JOURNAL OF METALS—1501 


/ 
/ 
4 a 
‘ 
\ ) 
\ 
» 
a 
} 4 
| 
< | 
} 
| 
/ 
Es 
‘ 
Pa 


You'll want these books for they cover 
virtually every aspect of nuclear energy 


ADVANCES IN NUCLEAR ENGINEERING 


The 138 papers and discussions in this in reactor applications They deal with PARTIAL CONTENTS: Fuel Manu- 


fecture, Production. end Recovery. Fuel 
two-volume reference are from the 2nd problems of corrosion and include signifi- Cycle Interrelationships. Spent Fuel Proc- 
cessing Aqueous end Non-equeous 

Nuclear Engineering and Science Con cant information on the radiation responses Economics of Nuclear Fuels. Plant Con- 
teinment Concepts end Design Plant 

ference. They deol with the complete fuel of important reactor materials. Addition- Components. Weste Disposal. Protec 
tion of Water Supplies. Shielding-Struc- 

hese volumes contain tural Protection end Control of Fission 

cycle from the availability of natural re ally, these volu s contain several hundred Products. New Limits and Codes for 
Redistion Protection. Merchant Ship 
Selety. Raedistion Processing. Reactor 


Design. Reactor Core Design. Educe- 
waste disposal They cover reactor plant hensive subject index which gives you af 


sources to the radioactive recycle and references, an author index and a compre- 


} t he uss the quick access to ever t cove lurgy end Radiation Effects Metallurgy 
design in all its detail. They discuss qui access to y subject covered as 


metallurgical processing of materials used well as to related material. nium-Zirconium end Uranium Niobium Al- 

loys. WNaeturel Resources. Reactor Plant 
Instrumentation. Control end Sim- 
uletors. Reactor Instrumentation Develop 
ment Primary Coolent System Heat 
Transler ond Heat Evolution. Problems 
Vol |, 523 pages 306 illustrations Vol. ll, $8! pages 600 illustrations Related to Heat Transler, Standardize 

tion in the Nuclear Field 


arnt HOT LABORATORY OPERATION 
1987 NUCLEAR CONGRESS AND EQUIPMENT 


which featured the 2nd Nuclear and 


Edited by John R. Dunning and Bruce R. Prentice 


This book contains the most complete ment for hot chemical, physical, mechanical 


otornes Conferences 
was sponsored by the following « information currently available on the and metallurgical operations; operationa! 
ganizations, with the Engineers Joint equipment and tools for handling radio and maintenance problems; those en- 
C coordinating thei efforts 

active materials Included are the siaty- countered in hot cell installations and in 

Ame Chem See Ame Geollatt Amer 
inst Chem Engrs Amer inst Elec Engrs odd papers presented at the 5th Hot specialized operations such as, the opera 
Amer inst Indus Engrs Amer inst Mining 
Met & Pet Engr Amer inet Physics 
Amer Nuclear Soc Amer Public Health plus a considerable amount of additional reactor pump loops, the removal and dis 
Aun Ame Rocket Soc Amer Soc 
Civil Engrs Amer Soc Engrg Educ materia] added by the authors after pre memberment of radioactive in-pile units 
Ame Soc Heating and Ail Conditioning 


Laboratories and Equipment Conference tion of decontamination facilities and of in 


f 
Geen Adee tee teth Game Ane sentation of the papers. Topics covered and a shielding pot that can be used as 


Soc Metels Amer Soc Testing Materials range from a discussion of the principal either a horizontal or vertical carrier. A 

Amer Water Works Assn inet of 

Conede Federation of Sewage & Industrial engineering design features of hot labora cross-referenced subject index is also in 
Aun ith Physics Soe Mot 

of tories to the key specifications of equip- cluded 

Sciences tnst of Redio Engr Nat! 

ladue Conference Beard Sec Automotive Edited by Frank Ring, Jr. and P. J. Glasson 


Engrs Soe Nevel Arch & Marine 
308 pages 304 illustrations 84° $17.50 


“PROBLEMS IN NUCLEAR ENGINEERING 10 DAYS FREE EXAMINATION 


Covers most of the fleld o : safeguards reviews reactor AMER SOC MECH ENGRS 
materials, thew properties, behavior and uses treats reactor design 29 W 39 ST NEW YORK 18.N.Y 
components and techniques, deals with the processes of heat generation 
heat transfer, and fluid dynamics Send me the books checked below. in ten days | will remit for the 


ke tke th d 


() Advances in Nuclear Engineering 2 Volumes $35 


“REACTOR OPERATIONAL PROBLEMS 


() Problems in Nuclear Engineering $17 
The contributions in this volume are concerned with waste disposal and ) Reactor Operational Problems $17 
radiation hazards, dissolution of solid fuel elements, the chemistry and Price of the two volumes, $28.00 


engineering of the aqueous processing of fuel and blanket materials 


eaperimental low power assembles, reactor physics, instrumentation and NAME 


Print 


control 


286 pages 204 illustrations $17.50 ADDRESS 


STATE 


These two volumes were edited by D. J. Hughes, Stuart Mclain and cily 
Clark Willams The 87 contributions in them were selected from the 
papers presented at the Ist Nuclear Engineering and Science Conference Give company connection 


held in Cleveland, D b 1955 
Write here sponsoring organization in which you hold 


membership 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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pyrochemical methods, methods involving Auoride volatility differences | 
| 
| 
| 
| 
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**Price of these two volumes, $28.00 
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DEAD DUCK! 


Remember this ery of the ducks? 


In February 1953, emcht ouking put 
covers were expermmentally installed in new 
pits at an eastern steel mull 


4 covers were—Superduty Firebrick 

l cover was —lInsulating Firebrick 

l cover was —3000 F. Castable 

2 covers were—Special Super Ramtite /25 


Six of these covers were soon dead ducl 
One after another, the msulating firebrick 
castable and iperduty firebrick were re 
placed with Ramtite.”’ 

Phe two original Ramtite covers are still 
mm sereice and have required a minimum ol 


Now 79 Ramtite Covers 


Performance such as this easily explaim 
why today there are 70 Ramtite lined soak 
Ing pil covers aft this one plant 79 Ramtite 
ducks flying high 

It al oO explain why there are more soak 
Ing pit covers in the USA lined with Ramtite 
than with all other plastic and castable re 
Combined 

Whatever your furnace requirements, de 
pend on Ramtite for high flying performance 
The Ramtite Co. offers you complete ile 
engineering services experienced men are 
ilwavs available to study vour refractory 
problems and consult with your Engineering 
Mason and Ceraniu nt about 
vou! need 

For further information, contact 
local Ramtite representative 


Ramtite Is Our Business, Not a Side Line 


INN 


DIV. OF THE OBERMAYER 
1811 South Rockwell Street 
Chicago &, IIlinois 


Oe, 
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TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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All it takes 


When that ball skims the edge of the cup, you can blame 


wile 


But when 


§ cooking, or a 


the shot is 


weather green, your 
and libido 


prac tice 


wind, putter 


fleeting conthet of ego 


and k nowledge 


sunk, you can credit experience 


titanium 

forged, machined 
shapes having high 
to both heat 


of the course. Its the same with 


can be readily welded, 


stretched ar 
light weight 


d drawn into Strength 


und Supe rlative resistance and 


corrosion. Titanium fabricating, joining and finishing 


no more difficult than for many other en- 


but 


prac tices are 


metals, they are different 


» 
ae ee 


is practice! 


TMCA has accumulated a great deal of pertinent ex- 
perience and practical data which are available to you 
on request. Extensive research facilities can also expedite 
special investigations to answer your specific questions. 
“sink the 
arises. Our Techni- 


IMCA has a selfish reason for helping you 


shot” whenever a technical challenge 


cal Service Department is anxious to discuss your appli- 


cation and cooperate in the establishment of routine 


fabricating and joining techniques for this outstanding 


engineering metal now priced competitively. 
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Program 


Electric Furnace 
Steel 
Conference 


REGISTRATION 
Wednesday, December 4-9.00 am to 9:00 pm—Fort Duquesne Room 
Thursday and Friday, December 5 and 6—8.30 am to 5.00 pm— 
Fort Duquesne Room 


WEDNESDAY, DECEMBER 4 
Plant Trip 
Babcock and Wilcox Co., Beaver Falls, Pa 
Chartered buse will leave from the Grant St. en 
trance of the Penn-Sheraton Hotel at 10:00 am. Lunch 
will be provided by the host company. Buses will re 
turn to the Penn-Sheraton Hotel by 5:00 pm 


WEDNESDAY, DECEMBER 4 
6 30 pm—Swites 468-470 
Electric Furnace Steel Committees Annual Dinner 
and Husine Meeting 
(All Chairmen of technical sessions are invited 
to attend) 


THURSDAY, DECEMBER 5 


General Session 
9:30 to 9.45 am—Ball Room 
Welcoming Remarks: 
hy V. ki. Zang, Chairman imittee for the Fif- 
teenth Annual Conference 
Kesponse 
By D. L,. Clark, Chairman, Electric Furnace Steel 


Committe Vnnouncement and Report 


Nitrogen in Electric Furnace Steel 
Organized by Physical Chemistry of Steelmaking Committee) 
9-45 am to 12:30 pm—Ball Room 

Chairmen: 
A. F. Gro Research Metallurgist, The Ohio 
Steel Foundry, Springfield, Ohio 
Gerhard Derge, Jones and Laughlin Professor of 
Metallurgy, Carnegie Institute of Technology 
Pittsburgh, Pa 


Application of Nitrogen Solubility Data to Alloy 
Steelmaking 

Paper by Fredrick C. Langenberg and Maurice 
1 Day, Crucible Steel Company of America 


Research and Development Laboratory, Pitt 


ANNUAL DINNER 

Thursday, December 5 
6:30 pm-—-Urban Room, Reception and Cocktail 

Party for dinner guest: 

7:00 pm-—Ball Room, Dinner 
Toastmaster: Stanley M. Norwood, Assistant to 
President, and Vice-President, Elec 
tro Metallurgical Co Division of 
Union Carbide Corp., New York, 
N.Y 
Edward A. Livingstone, Vice-Pres- 
ident, The Babcock and Wilcox Co., 
Head of the Tubular Products Di 
vision, Beaver Falls, Pa 
Subject: The Atomic Age Challenge to Steel 


Speaker 
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a) Lead-off Discussion: D. J. Girardi, Metal- 
lurgical Engineer, Timken Roller Bearing Co., 
Canton, Ohio 


Nitrogen—Porosity Relations in Chromium- 

Nickel-Manganese Steels 

Paper by G. R. Adams, J. Thompson, and W. O. 
tinder, Product and Proce Development 
Department, Electro Metallurgical Co., Divi- 
ion of Union Carbide Corp., Niagara Falls, 
N. Y 

Sampling and Analysis of Nitrogen in Electric 

Furnace Steels—Review and Evaluation of 

Modern Methods 

a) Aqueous Solution Methods 

Paper by R. H. Colin, Chief Chemist, Duquesne 
Works, United States Steel Corp., Duquesne, 
Pa 

b) Vacuum Fusion Methods 

Paper by W. A. Peifer, Research Advisor, Re- 
earch Laboratories, Allegheny Ludlum Steel 
Corp., Brackenridge, Pa 

¢) Comparison of Methods on Duplicate Fur- 

nace Samples 

Paper by A. F. Gross, Research Metallurgist, 
The Ohio Steel Foundry, Springfield, Ohio 

d) Analysis of Steel for Nitrogen and Its Com- 

pounds 

Paper by H. F. Beeghly, Research Associate, 
Jones and Laughlin Steel Corp., Pittsburgh, 


Pa 


Physical Chemistry of Steelmaking 
Committee Luncheon and Business 
Meeting 


12.30 p m—Grant Room 


Refractories 
2.00 to 5:00 pm—Ball Room 


hairmen: 


A. J. Scheid, Jr., Vice-President in Charge of 
Manufacturing, Columbia Tool Steel Co., Chi- 
cago Heights, Ill 

P. R. Gouwens, Chief Metaliurgist, Fahralloy Co., 
Harvey, Ill 


Cast and Rammed Sections in Are Furnace Roofs 

Preprinted paper by J. D. McCullough, Chief 
Engineer, Refractories Division, Babcock and 
Wilcox Co., New York, N. Y 


Canadian Basic Refractory Practice in Electric 

Furnaces 

Preprinted paper by A. H. Thomson, District 
Sales Manager, Canadian Refractories Ltd., 
Montreal, Quebec 


Tar-Bonded Basic Refractories 
Paper by J. P. Holt, Executive Assistant to Vice 
President-Sales, Basic, Inc., Cleveland, Ohio 


Furnace Bottoms—Installation of Thermocou- 

ples in Electric Furnace Hearths 

Paper by T. J. Wayne, Superintendent, No. 2 
Electric Furnace Department, South Works, 
United States Steel Corp., Chicago, I] 

Discussion by L. E. Holmes, Foreman, Instru- 
ment Mechani Timken Roller Bearing Co., 
Canton, Ohio 


2 
burgh, Pa 
| 


5. Ladle Refractories—Self-Baking Refractory Mix 

Paper by L. A. Stoyell, Product and Process 

Development Department, Electro Metallur- 

gical Co., Division of Union Carbide Corp., 

Niagara Falls, N. Y., and T. R. Culbert, Case 
Institute of Technology, Cleveland, Ohio 


FRIDAY, DECEMBER 6 
Vacuum Melting: Electric Arc Furnace 


Practice Variables on Quality 


9:30 am to 12:30 pm—Ball Room 
Chairmen: 
H. O. Beaver, Jr., Plant Metallurgist-Melting, The 
Carpenter Steel Co., Reading, Pa 
J. Nisbet, President, Allvac Metals Co., Monroe 
N.C 
Port I—Vacuum Melting 


1. Overall Summary of Vacuum Melting 
Paper by C. T. Evans, Jr., Vice-President, Tech- 
nology and Development, Universal Cyclop 


Steel Corp., Bridgeville, Pa 


2. Consumable Electrode Vacuum Melting 
Paper by Helmut Gruber, Director of Vacuum 
Plant and Vacuum Metallurgical Department 
W. C. Heraeus, GMBH, Hanau, Germany 


3. Induction Vacuum Melting 
Paper by F. M. Darmara, General Managet 
Metals Division, Utica Drop Forge and Tool 
Co., Utica, N. Y 


Part 1|—Panel Discussion on Furnace Practice 
Variables and Their Effect on Quality 
of Aircraft and Bearing Steels 


1. Aircraft Steels 
Paper by P. Adams, Process Metallurgist, and 
L. Barnhardt, Melting Superintendent, Atlas 
Steels Ltd., Welland, Ontario 


2. Recarburizing Bearing Steels 
Paper by William Spicer, Chief Process Metal- 
lurgist, United States Steel Corp., Duquesne 
Pa. 
3. 52100 Bearing Steels 
Paper by A. K. Blough, Superintendent No 
and No. 3 Melt Shop, Republic Steel Corp., 
Canton, Ohio 


9 


Foundry Practices 
9.30 am to 12:30 pm—Urban Room 


Chairmen: 

J W. Tibbit a 
dian Steel Foundrie 
Quebec 

N. H. Keyser, Assistant Chief, Proce Metallurgy 
Battelle Memorial Institute, Columbus, Ohio 


istant Work Manager, Cana- 
(1956) Ltd., Montreal 


1. Oxygen as an Aid in Electric Furnace Melting 
Melting 


(1956) Ltd 


Superintendent, 
Mont- 


Paper by G. Tracey, 
Canadian Steel Foundrie 
real, Quebec 

Paper by V. E. Belusko, Casting 
and L. E. Fink, Metallurgist, 

Foundry, Portland, Ore 


Electric Steel 


Metallurgist, 


2. Some Aspects of Melting Low-Temperature, 

High-Impact Steels 

Preprinted paper by W. A. Koppi, Melting Su 
perintendent, Lebanon Steel Foundry, Leba 
non, Pa 

3. Spectrographic Analysis in Foundry 

a) Fluorescent X-Ray Spectrographic Analysis 

Paper by Earl Anger, Chief Metallurgist, Dural- 
loy Co., Scottsdale, Pa 

b) Standardization and Use of the Spectromet 

in a Steel Foundry 

Preprinted paper by C. L. Richards, Vice-Pres- 
ident-Metallurgy and Research, Adirondack 
Foundries and Steel Inc., Watervliet, N. Y., 
and Henry Levesque, Sales Manager, Baird 
Atomic, Inc., Cambridge, Ma 

c) The Quantovac—A_ Direct-Reading Instru- 

ment for the Control of Carbon, Phosphorus, 

Sulphur, and the Other Important Elements in 

Iron and Steel 

Preprinted paper by H. W. Calkins, Pittsburgh 
District Representative, and M. F. Hasler, 
President, Applied Research Laboratories, 
Pittsburgh, Pa 


Economic Utilization of Power 


2:00 to 5.00 pm—Ball Room 
Chairmen: 
G. G. Zipf, Steel Plant Superintendent, Babcock 
and Wilcox Co., Beaver Falls, Pa 
C. W. Vokac, Manager, Hydro-Are 
Whiting Corp., Harvey, Il 
1. Power Utilization and Control in the Electric 
Furnace Steel Plant 
Paper by F. W. Foster, Senior Industrial Powe1 
Engineer, West Penn Power Co., Greensburg 
Pa 
Discussion by H. V. Miller, Assistant to the Su 
perintendent of Power, Armco Steel Corp., 
Middletown, Ohio 
Discussion by E. H. Browning, Manager, Metal 
Working Section, Industry Engineering Dept., 
Apparatu Division, Westinghouse’ Electric 
Corp., Pittsburgh, Pa 
2. An Effective Demand Limiting System for the 
Electric Furnace Melt Shop 
Paper by C. A. Scammon, Chief Electric Engi- 
neer, Allegheny Ludlum Steel Corp., Bracken- 
ridge, Pa 
Discussion by Harold Booth, Copperweld Steel 
Corp., Warren, Ohio 
3. Improvements in Are Furnace Power Regula- 
tion and Electrode Hoisting Systems 
Paper by Frank Nicholson, Engineer, Swindell 
Dressler Corp., Aspinwall, Pa 
1. Analysis and Practical Results Obtained From 
a Study of Are Furnace Control 
Preprinted paper by J. H. Kogen, Chief Devel 
opment Engineer, Askania Regulator Co 
Chi azo, Ill 


Division 


Diseu ion by no McCurdy, Melt Shop Super 
intendent, Republic Steel Corp., South Chi 
cago, Ill 


Discussion by J. R. Lee, Director-Engineering 


Design, Vanadium Corp. of America, Cam 
bridge, Ohio 

Discussion by 

American Smelting and Refining 


Shaw, Research Electrical 


Eng inec! 


Co., South Plainfield, N. J 
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1956 BLAST FURNACE PROCEEDINGS VOL. 15 


The Proceedings of the 1956 Conference of the Blast Furnace, Coke Oven, 
and Kaw Materials Committee, Iron and Steel Division, AIME, can be purchased 
by those unable to attend the Conference held in Cincinnati, April 9-11, 1956. 

Use the convenient order form below. 


Several volumes of recent Conferences are still in stock, and can also be pur- 
chased. 


These valuable papers were presented at the 1956 Conference: 


Sizing and Sintering of Ores 


Design and Operation of No 3 Sinter Strand at Jones and Laughlin’s Benson Mines By R G Fleck and 
The Lurg: Sintering Plant of the Stee! Company of Canada By T W W = Trumper 


Ore Preparation Plant of Whe Steel Company of Wales Limited—Design, Operation, and Effect on Blast 


Furnace Performance Fy iw 


Weirton's New Eight. Foot wi Ore Sintering Plant. By Julius trassburge 
Blast Furnace Operations 

Operating Experiences with High Beneficiated Burdens By Ww P ywhar 

The New High-Grode tron Ores and Agglomerates and Their Effect on Coke Rotes 

Burdening a Blast Furnace for Minimum Costs By R Barley 


Comperison of Blast Furnace Penetration with Model Studies By B Wagstoff a 


Desulphurization of Hot Metel 


Application of Theoretical Principles to Desulphurizotion in tron and = —e 
Desulphurization with Calcium Cyonamid in Hot-Metal 6 


y 
rhe 
Desulphurization of Molten tron fy N Hornak f Whittent 
Desulphurization of Blast Furnace tron with Selected Calcium Carbide 


Coal and Coke 
Pilot-Scale Coke Ovens——Development and Operation By R Tracy nd hn Mitche 
New Pressure Recording |8-inch Test Oven Ey R Aikma 
Study of Pressure Relationships in Commercial Coke Owens By Farley 
Low Fuel Coteined with Three-Foot Blast Furnace Using Prepared Ores ond ‘Coke Anthracite Mixtures 


Research and Development on Sintering 
Reaction Zones in the teen Ore a Process (JOURNAL OF METALS Award Paper By 


, nd sept 
Sintering Investigations Vues Fa« Design Experiments By 7 
oO 
Methods for Increasing Production Rate of Fiue- Dust sinter By & 
Sintering tron Ores ond Concentrates ot Extaca By tL. 


AIME, 29 W 39th St. New York 18, N.Y 


Please send me a copy of the 1956 Blast Furnace Pro 
ceedings | also wish to purchase Proceedings for the 


following Conterences 


1955 (Vol 14 


1954 (Vol 13 Price: $ 10.00 


1953 (Vol 12 
1952 (Vol 1) 
1951 (Vol 10 


Enclosed « Check Money Order for $ 


AIME members may be billed 


... AIME Members: $ 7.00 


Address 
City and Zone State 


Nenmember boretgn Order, Add S0¢ for Mailing 
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ON THE 


Nickel 
Monel 
Inconel 


+ Nickel-Chrome Alloys 
+ Stainless Steels 

+ Jet Alloys 

Titanium 

Zirconium 

Tantalum 


“PLUS” 


Not a single piece of scrap making up your 
shipment of secondary alloys from Frankel contains 
less than the amount of alloying agents 

you spec ify. This means that the average 

content of the alloying agents is to the maximum 
side of your specification. 

That's your standard Frankel bonus. 

You pay nothing for it. 

No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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4 
an 
COMPANY ING. | 
«19300 Filer Avenue ¢ Detroit 


forms the scenery for one 

of our largest and most modern refractory plants. 
Modern enterprising spirit has created a vivid industry 
not far from the Loreley in the neighbourhood of castles 
and ruins - representatives of olden times. 


The experience of more than a century 

in the refractory business, high quality raw materials, 
excellent machinery and perfect workmanship 

are guaranties for the outstanding quality 

of our products. 


We entertain o warehouse in Montreal 


to meet quick delivery wishes of our clients. 


Standard sizes of fireclay - silica - magnesite - 
chromemagnesite bricks 
can be delivered ex stock. 


Should you have any refractory problems 
please contact us and we shall be only too glad 
to assist you. 


DIDIER 

DIDIER-CANADA LTD 

a link of the worldwide DI DIE R - Organization 


DIDIER-CANADA LTD 


57 BRUCE AVENUE - MONTREAL 6 QUE. - TELEPHONE: WELLINGTON 7-5003 - CABLE ADDRESS: DIDIERCAN 
HEADOFFICE: WIESBADEN - WESTERN-GERMANY 
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EDITORIAL 


Plans for United Engineering Center 


HE new United Engineering Center will be tive without being ornate, and will embody dignity 
erected on United Nations Plaza between 47th without implying pretension 
and 48th Sts. in New York City, as shown in the The new Center will represent the culmination of 
sketch of location below plans on the part of United Engineering Trustees 
Designed to symbolize the dignity and achieve Inc. and the Five Founder Societies, that date back 
ments of the engineering profession, the Center will to the fall of 1955 when a task committee of 15 
provide national headquarters for the continued ad- three from each Society—-was appointed. This com 
vancement of engineering and technology. Not only mittee had its first meeting on Oct. 10, 1955, and on 
will adequate facilities be provided for performing June 22, 1956, submitted the following report 
present functions, but ufficient Provision will be & Item | The Engineering Societies’ Center be 
made to include continuing growth of services to the located in New York City 
engineering profession 
A 20-story tower surrounded by lower structure 
with landscaped surroundings, the new Center will 
offer almost three times the usuable space in the 
present Engineering Societies’ Building. In addition 
to space requirements of the Societies, rooms for 


© Item 2—The 39th-40th Street site be continued 
in use as the site of the Engineering Societies’ 
Center 
“If rebuilding in that area proves impractica 
ble, a comparable site should then be sought 


engineering meetings and committe activity will be in midtown New York 


provided. Private dining rooms for engineers at- Approval of the recommendations was completed 
tending meetings are planned, as is a cafeteria by the end of November 1956 and the firm of 
Enlarged library and publication facilities are Shreve, Lamb & Harmon Assoc. was retained to a 
included in plans for the new Center. An exhibition ist in determining the feasibility of developing the 
pace is planned in which the rapid advances in en resent building site. After thorough study, the 
gineering will be interpreted for the general public Trustees decided on Feb. 12, 1957, to abandon plan 
And, in keeping with the traditions and dignity of a for the present site and to seek a new one 
proud profession, a memorial hall is planned to pet On Aug. 1, 1957, a new tory was released an 
petuate the contributions of great engineers to the nouncing the acquisition of a site on United Nation 
effectivene of American civilization Plaza between 47th and 48th St in New York 
The Center will permit expansion for all foresee The firm of Shreve, Lamb & Harmon Assoc. were 


able needs for the next half-century, will be attrac retained as architect 


UNITED 
ENG/NEERING 
CENTER 


Sketch shows the location of the site of 
the new United Engineering Center in 
relation to adjacent crosstown streets, 
First and Second Aves, and the United 
Nations headquarters, which lies between 
First Ave. and the East River in New 
York Also visible in the sketch are the 
park and Carnegie Foundation which lie 
south of the proposed center 


DECEMBER 1957, JOURNAL OF METALS—1511 


} 
2 
T 40TH STRE 
’ 
- See 
4 a 
‘ 
\ Pak 


SUPERALLOYS for supersonic performance 


We develop them. And through modern vacuum melting produce them 
to the closest possible limits of chemical control and uniformity of mechanical 
properties for use in such eritical components as aircraft turbine blades, 
buckets and skin material for missiles and rockets. UDIMET 500, one of 
our Well established vacuum melted alloys, combines unsurpassed 
stress-rupture life with excellent ductility and fatigue strength in the 1200°F 
to 1800°F range. At 1200°F, for example, its tensile strength is 180,000 psi 

at 1600°F, 100,000 psi. For further information concerning 


applications of these superalloys to your products, write to address below. 


Shock wave around a simulated missil 


VACUUM MELTING 
provides these properties 
e High temperature 
corrosion resistance 
Increased ductility 
Extreme cleanliness 
Precise chemical control 
Longer stress-rupture life 
Increased tensile strength 
Better fatigue resistance 
Greater yield strength 
Greater impact resistance 
Greater creep properties 


UTICA METALS ~ KELSEY-HAYES 


UTICA OROP FORGE & TOOL DIVISION <> KELSEY-HAYVES CO., UTICA 4, NEW YORK 
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by W. W. Dyrkacz 


VACUUM MELTING IN THE STEEL INDUSTRY TODAY 


Production of vacuum melted steels has grown from the pilot plant category 
to a major production status within the last few years. The story of thi 
development is told by one of the firms which has done most in this field 


A RECENT survey ha hown that, by the end of the alloy hown in Table I, this improvement o« 


1957, facilities will be available in the U. S. for curred because of closer contol of titanium and 
the annual production of about 20 million Ib of aluminum to limits of 0.10 pet as compared to 
metal by induction vacuum melting, and about 50 limits of *0.25 pet in air melting. In addition, the 
million Ib by consumable-electrode, vacuum ar aluminum and titanium in the vacuum melted 
melting. Planned expansion by industry will in materials were present in solid solution form rather 
crease this capacity by the end of 1958 to 27 million than in the form of oxide nitride or carbont 
lb and 100 million Ib, respectively trides. In this manner, there was a greater amount 


of effective titanium available for formation of 
Induction vacuum melting Ni,TiAl precipitate through which such alloys gain 
their high temperature strength. It is also theorized 


Induce tion vacuum me lting consists of me Iting inh a 
that ome improvement in trength 1 pained 


vacuum chamber using a conventional induction fu! 


through elimination by vaporization of su | 7 
nace with a zirconia or a magnesia crucible. Melting , nga ey de Coasts ch impu 


is done at pressures of approximately ly, with either eee is lead, tin, antimon ind bismuth 


carbon or hydrogen deoxidation used: the metal | Improvement in the creey apruar rength achieved 


through vacuum melting of high temperature allo 
hown in kip | 


cust into conventional mold 
Fig. 1 shows a schematic drawing of such a fur A Ith 
nace at the Watervliet Works of Allegheny Ludlum : ough induction vacuum melting ha been 


used mostl for uperallo room-temperatut 
Steel Corp. The main chamber contains two inte 


changeable furnaces which permit melting of 300 prayers her metals can al we improved 


om bearing teels and low-allo teels have hown an 
The 


and 2000 Ib heat raw material charging , 
chamber at the top of the furnace and the mold improvement in fatigue trength when produced 
chamber at the right of the furnace are sealed from with a higher degree of cle ani a than ts possible 
the main chamber with valves so that material can by conventional air melting. This is shown in Fig. 4 
be introduced into the furnace and liquid metal! Other advantages of induction melting have been 
withdrawn without breaking the vacuum, thereby my roved hot and cold workabilit particularly in 
permitting semi-continuous operation. The capacity allo Which are usceptible to stringer-type in 
of this furnace is rated at 250,000 lb per month in clusion 
got weight. The actual installation now in produc 
tion at Waterviiet is shown in Fig. 2 Consumable-electrode vacuum arc 

Some of the alloy currently being inductior 


melting 


vacuum melted are shown in Table I. It is to be 


noted that induction vacuum melting ts particular! The consumable melting of titanium, zirconium 
applicable to the iperalloy vhich contain large and molybdenum under vacuum or in inert atmo 
amounts of reactive clement uch as titanium and phere has grown from the research into the pro 
aluminum, where close control must be maintain od ductor tage during the decade following World 
One of the early metailurgical property improve War Il. The first work on consumable melting of 
ments brought about by induction vacuum melting teel inder acuum occurred in the earl 1950 
was that of creep-rupture strength With respect to and was prompted by Allegheny Ludlum Steel Corp 
experience in melting titanium, plus the cognizance 
W. W. DYRKACZ is Manager of Quality Control, Allegheny of solidification problems associated with certair 
Ludlum Steel Corp., Watervliet, New York 
iperalloy rhe proce which has come into com 
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Fig | Vacuum, induction melting furnace units, such as this 


one, have two interchangeable furnaces which permit melt 


ing 300 to 2000 Ib heats 


ad «oles 


itt 


remelte 


abl 


crucible 


on and con 


Fig 


er-cooled 
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This vacuum induction furnace at Watervliet Works 


of Allegheny Ludlum Steel Corp. has a rated capacity of 
250,000 Ib per month ingot weight 


the fa 
uperalloy electre 
followed by addi 
1957 bringing the 


lb per 


proce 
month, 
fucilitie perm 
diam, 2000 
1954 


to 


treater 


lb 


ovVvel 


propel 
20 treatec 
and die, now 
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been in 
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high 
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An improvement in room-tempet 


melted 


anti Ipate d 


which 


t 
he 


‘ 


i¢ strength of air-melted and consumable- 
melted SAE 4340 3 in Fig. 7. The 
material was used both melting 
tested after specimens were heat 


trength of 190,000 psi 


hown 
at ot for 
and wa 
i to a tensile 
ature tran 
SAE 4340 heat- 
trength levels is 
the umably- 


verse 
tie 


to 


of 

three 
the 
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Improvement 
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Table |. Nominal Analyses of Induction, Vacuum 


Melted, High-Temperature Alloys, Pct 


Nimente 


Waspaloy 


dimet 


tlement 


Alley 


Table Il. Cleanliness Comparison of 
Conventionally-Melted vs. Consumable-Electrode 
Vacuum-Melted Low-Alloy, Bearing, and Stainless 

Steels 


ASTM Inclusion Rating 
Worst Areas 


Melting A n ‘ D 
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fi Ww ; 
cor ts of Using trodes of a pre 
lelenmined Comp?) Sim remelting 
thie Noa copper, at a pre 
sche diagram of the proce currently be 
ne | cticed hown in Fig. 5. The first installa 
it the Watervhet Work 
‘ i ‘ fo meltin teal 
1955 hown in Fy 6. This w 
i fu mn 1956 and 
rit cupacit ip to 2 mill.on 
f that of the wit ‘ 
fou from 12 
| ipo allo and tain 
nd low-allo teels have 
thie ‘ bitte 
‘ msion inp melting 
thy creased demand f 
‘ ble of bein 
itl been an improve 
j cul propertr mon the tir 
byt od | nduction vacuum meltin 
nad feo col of yet 
. melted | lucts stems from two cause f of A-2 
to | luce large nevot imabl 
ection rel we hit md second ut nim nation ¢ 
‘ ‘ ill in all ontaining lect tra 
( i vacuum-melted material hardennu 
provement in fatigue strength in low 
ten is well as superall A comparison of 
R-245 
SAE 414 \ elt electrode 
2.0 MHT 1 75 175 
ta 4 elt elect l ( 


Arc Melted Waspaloy 
Vacuum Melted 
Waspoloy 
60 
8 
a Nimonic 80-A 
100-Hr. Stress Rupture Strength 
Wrought Turbine Blode Alloys 
1200 81300 1400 1500 1600 1700 


Temperature, °F 


Fig. 3—Scatter bands of stress-rupture tests on two wrought 
turbine-blade alloys when melted in air and when melted in 
a vacuum induction furnace 


Stress, 1000 Psi. 


35388 


10° 10° 10’ 
Cycles to Rupture 


10* 


Fig. 4—Log-log plot showing cycles to rupture in standard 
fatigue test of basic electric furnace steel 52100 versus the 
same steel, vacuum induction furnace melted 
ingot consumably melted shows a spread of 0.05 pet 
Mo and 0.08 pet Ti, a conventional ingot of compa 
rable cro ection would show a spread of about 
0.30 to 0.50 pet Ti. Homogeneity in titanium is par- 
ticularly desirable in A-286 alloy, since it trength 
is gained through the precipitation of Ni,T1 
Improvement in ulfur egregation also 
achieved by consumable-electrode, vacuum melting 


This is illustrated in Fig. 10 for a low-alloy steel 
containing 0.045 pet S 

Since air-melted electrodes are consumably re 
melted in a copper crucible which prevents refrac 


tory contamination, and since melting progresses in 


a vertical direction, inclusions are removed not 
only through the vacuum melting itself, but also 
through the proce of levitation which permits the 
floating out of the more table inclusion The im 
provement in the cleanline i hown in Table I] 
for a low -alloy te el a be aring tee l. and two prade 


of tainle tee! 
Reduction of gas content is also an important fac- 


tor in consumable vacuum melting Ty pie al dega 


Table II!. Decrease in Gas Content on 
Consumable-Electrode, Vacuum Remelting 


Air Melted Cons Elect 


Gas Flectrode Vac Melt Decrease 
Analyzed Alloy rpm rpm Vet 
Hydroge 
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Fig. 5—Consumable-electrode, vacuum remelting furnaces 
can produce larger ingots with less segregation than can 
vacuum induction furnaces 


Fig. 6—The first consumable electrode, vacuum remelting 
furnaces were installed at the Watervliet Works of Allegheny 
Ludlum Steel Corp. in 1955 


in of everal upe ralloy that can be obtained 
through consumable-electrode vacuum remelting | 


hown in Table Ill 


Advantages and disadvantages of 


induction vacuum melting 
1) Improve 


mechanical properts 


2) Eliminate ust making very high purits 
melts possible 
$) Affords very close control of compdésition 


this ha 
research 

1) Dwr not remedy 
thereby limiting ingot size; and 


opened up man new fields in superalloy 


olidification and a 
tion problem 
») I the more expensive of the two proce ‘ 


Advantages and disadvantages of 


consumable-electrode vacuum arc melting 


1) Improves mechanical properti« 


2) Eliminates pase making very high purit 
melts possible 

4) Eliminate or minimize epgrepation 

4) Affords homogeneity in mechanical prop 
erties and chemical composition in large ingot and 


and in alloy containin high-densit 


») Is lower in cost than induction vacuum melt 
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Fig 7--A comparison of transverse and longitudinal fatigue Fig) 9—Microstructure at center of jet-turbine wheel forg 


strength of aw melted and consumable electrode, vacuum ings made from 9-in. sq billets of A 286 alloy Magnification 
remelted SAE 4340 billets 100x 


Fig 8 Transverse properties of air melted versus con 
sumable electrode, vacuum melted SAE 4340 billets 


vacuu 
Mer quatit 
Both ind 


ele trode vi 
lee Fig. 10-—Sulfur prints of billet cross-sections of a Ni-Mo-V 


low alloy steel. At left 10-in. octagon air-melt; at right, 9-in 
sq consumable electrode, vacuum remelt made from air-melt 


Bibliography on vacuum melting 


Ju 
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Summarized from an article by Rene Perrin, 


with notes on the Ugine plant by F. Weston Starratt 


LADLE SLAG-REFINING 
OF ELECTRIC FURNACE STEEL 


Striving to increase steel output per furnace as well as to improve steel 
quality, one of the leaders of French electric-furnace steelmaking—l gine 
has perfected a ladle slag treatment for rapid desulfurization and deowxida 
tion. The result: tap-to-tap time reduced by more than 50 pet, and output 
per furnace increased by more than 200 pet. René Perrin, who dei eloped 
this technique, also points to the possibility of applying slag treating prac 
tie to increase output of other steelmaking furnaces as well as the blast 
furnace 


RENE PERRIN is Director-General of the Societe d’Electrochemie, High in the French Alps near the Swiss border is the town of 
d'Electrométallurgie, et des Aciéries Electriques d’Ugine, Paris Ugine with its alloy steel plant, one of France's largest—below 
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Ugine, producer of quality steels at high 
output rate per furnace 


ential ther « product uch as razo First alumina and lime melted in arc furnace 


i eldal ' and be devoid of internal defect accomplish desulfurization and deoxidation The 
Phot } egular production shows particular! necessary chemical reactions take place rapidly due 
fur content below 0.010 pct. and for } hy to the large interface between the metal and the 
ber teed mn the order of 0.005 pet fut onl ay caused by the heavier metal being poured into 
‘ le f common scrap are used to the liquid slag. An important factor in carrying out 
these fine ind th crap ha thie eaction 1 1OW lag viscosity which can be 
srative hiv ilfur content Much research closely controlled through slag composition and tem 
k has, thus, been expended in perfecting tect perature. Furthermore, the metal must be as clean 
mes lucing lo sIfur steel from this higt as possible; thus, prior to tapping, a furnace slag 1 
mia te i] first emoved, and the teel 1 poured at tempera 
hie cul tal outla requ ed for ture between L500 and 1600 The rrin lag 
equiy ont t ha lor bear the poli nthe ladle ome 0) above thi temperature 


at te euse the mld of tla oxtst fixed 
issets by adding small ones, and to minimize the Desulfurization-deoxidation slag for 
ammount of f oul | fe plant 

re teclmaukit carried out in three bi ( killed steels 


ned are Turnace one of 40-ton capacit one ol The Perrin desulfurization-deoxidation slag is a 
~ Lore nd a third of 15 tor A comparison | high-lime, high-alumina slag of the following gen 
een the capacities of these furnaces and the plant eral composition: 42 pet ALO, 53 pet CaO + MgO 

! t? output of more than 10,000 metric tons of 1 than 5 pet SiO, and ke than | pet FeO. The 
leel reveals the basic factor in the economics of basicity of such a slag precludes its use in the are 
I luection, namely the low tap-to-tap time, While furnace at Ugine which are either acid-lined o1 
imo much as hee ht be required i milar opera c-lined with a roof of silica refractori Any 
thie ' efining technique developed at [ ne treatment with such a slag must, therefore, take 

hr tap-to-tap time. This is due place in a basic-lined ladle 

to the technique used, for in the | ne are furnace The Perrin sla which must be low both in tron 
pho ind allo oxide and lica, is made by fusing alumina and 

equired vhtle refinus Lake place in the Linnie however, it has been found po ible to melt 
licdle: atte the furnace has been tapped. In addition a low lica, iron-bearing bauxite with lime and 
um en lance may be used in the case of high exc coke to produce metallic iron together with 
carbon or high-phosphorus charge in order to speed the alumina-lime slag. At Ugine, raw materials pe! 
ip these reaction metric ton of slag are as follow 470 kg of alumina 
or bauxite from which the iron has been removed, 

The Perrin slag treatment process and 570 kg of lime. Alumina and lime are melted in 
are furnace which have walls cooled so as to cause 

Phe proce vhich is responsible for this speed-up the formation of a protecting layer of slag. These 

is we is the oductior low sulfur steels, is the lower-powe! mall-capacity slag furnaces are op 
lag treatu technique developed b I re 1) erated on ngle-phase current; they have eventu- 
rector-General, Rene Perrin ally no roof, protection against heat radiation being 
In th proce metal is tapped from the furnace assured | the cold charge. The fused slag, which 1 
nto a ladle containing slag especially made to poured into a ladle at temperatures between 1600 
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RIGINAL, ty m of the Heroult electric are t 
French alpine region of Savoie where use 
4 5 “= 
che ‘ iklect etallu eet de Acw 
‘ thy has been one of th eading French pro ris - r 4 
. ~ 
4 ‘ a4 well a i 
‘ earl ma ‘ Vel As 
. 
j bye f mul ti mad chemical 
“ 
f 
he ne plant produce ome 10.000 metric ton 
that should be devoid of any internal defects how ee 
” eve ha md should meet extreme! evere physi 
eal and che specif tier High purit 
blade steel and structural steel which, moreover 


. Slag poured into ladle at 1600°C 
The result. . . 


Second... 


and 1700 C, amounts to between 2 and 5 pet of the 
weight of the metal 
The deoxidation action of the = slag 


that the tapped steel contain 0.2 pet Si more than 


require 


the aimed silicon content of the steel. Such silicon 
may be carried into the liquid steel from silicon 
containing scrap or pig iron, or from ferro-silicon 


or metallic silicon which may be added to the steel 
in the are furnace The deoxidation action of the 
lag is greater as its alumina content is increased 
With alumina-rich slag 
of the alumina by the metalli 

and introduction of small quantities of aluminum 
into the steel. Thi 
reducing medium for all other metallic constituent 
in the metal bath, and this assures a high degree of 
metal purity and freedom from inclusions. If the 
while the 


there is a partial reduction 


ilheon in the tee] 


metallic aluminum serves as a 


alumina content of the lag is reduced 


ilica content is increased, then the intensity of de 
ulfurization, as well as deoxidation declines rap 
idly. In order to ensure proper deoxidation and de 
ulfurization, the metal must carry with it little o1 
no entrained silica from the are furnace slag 
Although one single operation does not exhaust 


the la power to deoxidize and to absorb sulfur 
thi la ! not used twice at Uvine because of the 
quality of the steel products desired. The used slag 


f such composition that it can be used for cement 
production 

The desulfurization action of the slag, which de 
pends largely on its high free lime content, is gov 


erned by the following reaction 


FeS 4+ CaO FeQ CaS 

when the lia 
ently low in iron oxide, which is the case witl 
the freshly prepared slag. In addition, the deoxida 
tion action of the lag, described above, ensure a 
low FeO content of the metallic bath, which furthet 


increase the extent to which the desul 


reaction proceed 


Then 


steel poured into same ladle 


. rapid desulfurization and deoxidation of steel. 


carried out in the are 


Most dephosphorization | 
furnace through normal furnace procedures 


} cle ad 


up by use of the oxygen lance where necessary 


Slag to eliminate phosphorous and silicon 


Through research work in slag chemistry carried 
out by Ugine, variou li have been produced foi 
the purpose of eliminating deleterious elements en 
countered in steelmaking practice 

An example of these slag is one made of CaQ 
and FeO which has proven effective in reducing the 
phosphorus and the silicon contents of killed and 
rimming steel jecause Of its desiheonizing effect 
thi lag has proven particularly useful in refining 
pig iron in the electric furnace In addition, the 
la high lime content has a positive effect on sul 
fur elimination, Its dephosphorization qualities de 


pend on the following reaction 


»>kFeO 2 Fe,P PO 1) 
PO (CaQ), P.O 


Slag treatment for blast furnace 


Slag treating technique for the elimination of 
ilfur and other deleterious elements have applica 
tion beyond the steelmaking furnace. | ! opera 
tion ime based upon scrap us a raw material, and 
natural nterest by the firm focused on the 
own production problem but recently Ugine re 
earch laboratori have done ufficuent researe} 
work on slag treating techniques for liquid pig iron 

to lead to the conclusion that ich sla treat 
practice would be of importance to Dilast Turnace 


operator 


To increase output from existing furnaces 


Looking at the iron and steel indust: as a whol 
there l no doubt that the ulfur and pho phoru 
problem has a most important bearing on equip 


ment and production cost 


519 
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hearth irnace 


it which re 


amounts of lim 


ur conte 


f about 1.3 In 
the relative 
furnace output. More 
imption ince the heat 
than that 


much preatet! 


Composition scope of the most frequently used alumina 
lime slags for the Perrin desulfurization deoxidation process 


for electric turnace steels 


thus arise us to whethe! 
omic to produce tron with 
mitent even mn bast operation 
t furnace output, and then to 
in The lattes require 
n comparison with the 
ulfus 
methods for desulf 


wubiection to 

one of then tine 


elected one 
lulfurizing Wer and 
much 
ion. An adequate 
followin 
prevent 
hould not be lower than 2 
With such an amount of slay 
, of the ulfur content of the 
al purpose Ihe 
ladlk inte which 
during the pout 


ladle Thi 


Desiliconizing and desulfurizing iron 


the theon 
iheon content re 

and in off race 

Sut it is particularl 
iheon contents when u 
iil ount oft 


bla furnace 


conducted 
nacceptabl 


are burnt 
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an operation can be followed by a desulfuriz- 


proce but this means two successive opera- 
tions to be conducted on iron 
Monsieur Perri f Ugine ha 


fecting de 


had the idea of ef- 
iiconizing and desulfurizing in one op- 

with a 
which iron and 


ingle lag, by extending the time 


lag are mixed together. The 


eration 
during 
principle is to use a molten slag essentially com- 
posed of lime, some alumina, and iron oxide In 
the initial stage of the mixing operation, iron and 
are almost completely reduced by 
then composed of SiO,, ALO,, 
and CaO. If the original composition ha 
fully calculated, the final 


mixing ult 


manganese oxide 
ilheon, and the slag i 
been care- 
slag is fluid, and continued 
in desulfurization. Ugine thoroughly 


checked this principle experimentally, but not being 


Desulfurizing power as a function of silica in slags for the 
Perrin slag treatment process. The desulfurizing power of 
is characterized by the 
0.004 pct. The 


the slag—measured on the crdinate 
value of “a” im the formula, \s aS 


alumina lime ratio 1s assumed to be constant 


ion Makers, U gine experie net ha been limited 
to pilot plant test These test have 


cale plant is now being de 


been conclu 
ive, and a commercial 
lj ned 

To put this de 


Into practice 


lag tech 


would require only a slag fur 


iheonizing-desulfurizing 
nique 
nace and a mixer. It is an exothermic proce If a 
normal blast furnace slag 1 final de 

about 1 pet of initial slag will be 


elected a 
ulfurizing slag 
required per 0.1 pet Si removed. This amount vari 
ratio, Fe.O,: FeO in the slag; it 
high 
there is a definite 
possibly of manganese 


according to the 
lower when the ratio | Contrary xygen 


blowing recovery of iron, and 


Conclusions 


Molten slag treating techniques are an element 
which makes it possible to reduce considerably the 
amount of investment per ton of steel produced 
with correlative improvement in the overall pro 
duction cost 

Beside 

has had as a basic policy to increase 
idding 

and to minimize the amount of fixed asset 

plants. The Perrin slag processes have accom 
hed these goals with the 
eliminary investigation shows that such type of 


furnace 


triving to make the best quality steel 


heavy existing fixed assets by 


electric furnace and 


reatment is equally applicable to the t 


“ pe te iit at a low 
produce i Dusicit nade~x 
eh ore used in many furr 
iv throughput reduces bl 
increase coke cor 
te melt lia j 
to meit iron 
lhe legitimate a ‘ 
would tot be n 
rhe il! il 
ate “au 
fixed assets whiel _ 
4 ssets 
ite wove 
thi i 
hia cof at 
V the tipput ten 
tion of tl li 
Ho pet Cal md o pet 
la Vi ht 
prot ol thre Ve hit 
j enourl 
his pre oust 
! ont etal nto the Ei lav can be 
Phere interest uu 
ritent of pe 
iit duction cost 
‘ on to te 
to obtain regular 
formed not sufficient to regulate 
‘ 
extensive experiment have been ) 
nits | en blowin but in this ope = 


CASE STUDIES 
CAST AND RAMMED 
ARC-FURNACE ROOFS 


proven a practical method of reducing refractory roof costs, 


mum when 


Monolithic constructions in cente? 


either rammed or cast 


by J. D. McCullough 


ections of are-furnace roots have 
offering max 


Avoiding laminations and 


insuring volume stability of the material are important considerations, and 


materials and methods 


EDUCTION of refractory costs in roof of elec 
tric ar¢ furnace ha been a ubject actively 
pursued by concerned 


most Operators. This paper | 


primarily with describing results obtained it 


eral plant 


where monolithic construction have 


been uccet 


fully employed in the roof 


Types of refractories 


The common denominator in each of the four 
electric furnace Cases covered was a comparison of 
fired refractory shapes versus monolithic construc 
tion In some case the fired refractory wa tand 
ard series brick and in other pecial shape 

The monolithic refractories were of three diffe: 
ent type 1) Plastic refractories ranging from ap 
proximately 45 pet alumina, having a density of 
about 140 lb per cu ft, up to 70 pet alumina, havin 
a density of approximately 165 lb per cu ft; 2) Ram 
Panpins 
with densities on the order of 175 to 180 Ib per cu ft 


and 3) Two castable refrac tori one 


from 65 to 64 pet alumina and 


volume stable 
to 3000 F, containing approximately 60 pet alumina 
with a density of approximately 125 Ib per cu ft 
econd, volume table to 3200 F 


approximately 66 pet alumina with a density of 


and a containing 


approximately 135 Ib per cu ft 


Case I—A southern steel plant 


This plant has two 18-ft, 76-ton furnace 


plain carbon and killed len ratrit 


produc 
ing mainly 
ing from 0.04 to 1.00 pet C. Basic, single-slag prac 
tice is used, with decarburization being done with 
metallurgical oxygen. The brick construction wa 
of 13% in. silica brick throughout, and average roof 
life was 60 heat 
Experience ove! 


with 3000 F castable 


a period of two and a hall year 


refractor! around the ele 


J. D. McCULLOUGH is Chief Engineer, Refractories Div, Bab 
cock & Wilcox Co. Paper to be presented at the AIME Electric 
Furnace Steel Conference, Pittsburgh, December 1957 


are available to accomplish thi 


indicated that use of the castable in 
When 


ervice, the castable 


trode port 
ereased average roof life from 60 to 80 heat 
the roofs were removed from 


refractory projected 1 o1 in. beyond the adjacent 
thea brick 

The plant changed from silica brick to superdut 
clay brick retaining the castable refractor around 
the electrode port and this increased roof life to 
about 100 heat 


was determined by brick limitation 


with no patching, Again, roof life 


hon a 


The method of forming the ports is quite 
A metal core of 22 in. diam is appropriate! 
to form the ports when the castable is poured, Silica 
brick are laid up in complete rings until they core 
vithin about 6 in. of the cores. Three partial ring 
leaving, Ont 
pace between the After the 


third partial ring is laid, the brick are then laid at 


are then laid between the port 
brick and the core 
right angles to their former direction and carried in 
this manner up to the center of the roof, where the 
thre pokes meet to form a triangle Thi triangle 

also filled with the castable. Thi 
inated time-consuming cutting and fitting 

At this plant the dry castable | 


proximately 16 pet water to permit ea 


procedure elim 


mixed with ap 
placement 
This is a somewhat higher percentage than is de 
ired for maximum strength, but since the resultin 


refractory is superior to the surrounding brick, there 


has been no nece ity to investigate improvement 
by reducing the water content Approximate! 2400 
lb of castable is used in each roof 

Curing } placing wet sacks or 


the castable after it ha 


accompl hed by 
tuken it 
The root i 


Initial set and 


keeping them on overnight then allowed 


to air dry until it is placed on the furnace which 
may be from 24 hr to a week later. No special heat 
ng precautions are followed on the initial heat of 
new root 

Roofs constructed entirel of ilica average 
man-hr versus onl 4 man-hr for roof isin ia 
caustable refractory in the electrode area. Althoug! 
the custable ha a higher cost pe eu ft than the 
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hea brick. the total installed cost of roof with the 


castable because of aving in labor Wii about 7 
pet lower than a roof of brick only. Because of the 
preate life obtained on roofs with castable 


trode port plu thre 
fractory roof cost per ton of steel ha 
40 pet 


lower installed cost the re 


been reduced 


Case !l—Manufacturer of tubular 


products in Pittsburgh area 


This plant has one 16 and one 18-ft diam furnace 
producing 54 and 75 tons heats of low-alloy (le 
than 5 pet Cr) steel. Basic, two-slag 
ind’ the 1l2-in. silica brick 
4 heat 


practices used 


formerly used averaged 


Initial trials of monolithic construction were with 
rarmmir brick were used to form the 
electrode port The brick forming the roof were 
then brought up to about 12 in. from the port ring 

vhich resulted in constructit partial rin betwee 
pre to maintain this l2-1n pace which was then 
filled with rammur mix, using an air rammet! 
round head. The first four roof 
ive no additional life 


i ! i! iti 


failure being by 


pallin 


Fig. 2—The top of the root, showing completed ports and 
center of castable refractory 
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Changes in consistency and ramming method did 


not succeed in eliminating the spalling nor in im- 
proving roof life. The primary difficulty resulted 
from laminations produced by ramming 

It was found that there was a savings of approxi- 
mately 24 man-hr of installation time by ramming 
nstead of t fitting brick Because of the higher 
cost of the ramming mix as compared with silica 


brick, the installed cost 


with a reduction in labor 


were about the same, even 


The next te p Wa to try a 3200 fk castable Thi 


material was used in the ame location as the ram- 
ming mix except that the space to be filled was re- 
duced from 12 to 6 in. Instead of ramming the cast- 


able refractory, it was placed by means of a high 
peed internal vibrator having a 1% in. diam head 
and a frequency of 12,000 vibrations per min. The 
relatively dry, only 12 pet 
used, but the action of the high 


mix wa water being 


peed vibrator 


quickly reduced the consistency to one which flowed 
readily. Installation time was 40 man-hr le than 
when cutting and fitting brick 

The first two roof © installed averaged 64 heat 
as compared with 52 heats on silica brick. A roof 


was then tried in which the ports were cast directly 


n the same manner as Case I. This roof gave life of 
heat 
Encouraged by these result the operators tried 


refractory kewback line on 


the castabl above the 
the mast side, where failure of silica brick was re- 
ducing roof life. This section extended about 8 or 9 
ft in length and the width of four 4%-1n. rings of 
brick. Two or three ribs of brick were placed in thi 
about 30 in. apart. The results were very 
encouraging, and further experimenting 
ing. A mullite-type brick wa 
electrode port 


continu 
then used to form the 
and the roof life was increased to an 
average of 74 heat As of September, 1957 ome 
further testing was being carried on to form skew 
castable in the area where the patche 
were bein used successfully. Initial results have 
application offers definite promise 
No special drying or firing procedures are followed 
The present construction with the 3200 F cast 
about the same installed cost as an all 


ilhea-brick roof, but because of improved life the 


Fig. 3—The same roof as shown in Fig. 2, as viewed from 


the bottom 


Fig. |-—A roof prepared for casting of electrode ports and 
center 
— 


were laid within 4 to 5 in. of the port ring, similar 
to the construction illustrated in Case II. However, 
the last ring a plier was extended to the elec- 
trode port rings because the masons feared the po 
ty of the rings slipping out. The 3200°F cast 
able was vibrated in the space remaining around the 
trode ring brick. A total of 2300 Ib of castable 
with 11 to 12 pet water addition was placed by three 
men in a total of 6 man-hr, using a high-speed in 
ternal vibrator. The cost of the castable material 
roximately equal to the value of the brick 
displaced. No special curing provision 
re made 


The first two cove! © installed gave 48 heats and 


99 heats during a period of slow, intermittent opera 
= F tion. Roof life was limited by erosion of the brick 
forming the electrode port The castable refrac 


% tory extended beyond adjacent brick when the roofs 


> 


Another roof constructed in the same manner was 
Fig. 4—The castable is here shown being vibrated around 


the electvede pert brich In Operation at the time this paper was being pre 


pared, and had not completed its useful life. It i 
not certain that the piers are necessary which ex 
cost of roof refractories per ton of steel has been re tend to the electrode port brick. This belief is borne 
duced by 20 pet out by the succe at other plants where roofs with 

out piers have performed successfully. It is planned 
Case || a steel company however, to try several variations of castable and 


brick in the electrode section 
This as a 20- ‘ ace 1 65 to , 
This plant has a 20-ft diam furnace with 85 ton The immediate objective of saving approximately 


capacity and produces primarily high chrome-nickel ™ 


90 man on installation time was attained without 


JU two ay pract 
alle of the MW serie Basic, tw lag practice prejudice to roof life, and at no extra material ex- 


used, and metallurgical oxygen is used for decat eneens 
ense 
burization. Eighteen-inch silica brick were formerly , 


2 


This shop changed to 13% in. thick 70 pet alumina This plant has two 13-ft furnaces producing heat 
brick in the roof, and because of gre: difficulty that average 36 tons. Top charging and basic, two 
in cutting and fitting high-alumina brick in the cen lag practice are used, with oxygen introduced both 
ter section, bricklaying time was increased by 50 to for melting and decarburization. Up to 5 pet Cr and 
60 man-hr. In order to reduce installation time, a $400 seri alloy are produced. Formerly 12-in 
3200 F castable refractory was tried around the uperduty fireclay brick were used, giving an aver 
electrode port ave of 70 heat 

On the initial installation, the electrode port wa Although special center shape had originally 
formed of 18-in. long by wide arch brick of been used for the purpose of simplifying brickwork 
the same type ; used in the roof proper trick installation in the roof center experience did not 


Fig. 5—The top of a completed 
roof, showing castable around 
the port rings. Detail of the 
brick work is also visible 


i 

4 

4 
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Fig 6—Left 


The same roof as shown in Fig. 5, as viewed 
from the bottom 


Fig 7--Above 
5, showing the castable sections near the skew 


Another view of the same root shown in Fig 


{f 76 heat failure again being attributed to the 
effects of lamination brought about by ramming 

An installation was made of the 3200 F castable 
by means of a high speed vibrator described in 
Case Il. A crew of five men installed 3000 Ib of the 
castable in a total of 7% man-hr. Water content 
Vas maintained at about 12 pet. Mixing was per 
formed by hand in two-bay batches with two batche 
mixed simultaneously. It was estimated that with 
u four-bag mortar mixer a four-man crew could 
complete the installation in 1 hi 

Following placement of the material, wet sack 
vere placed on the castable after it had taken it 
nitial set and they were kept there for 24 hr. A day 
later the roof was placed on the furnace and heated 
vith a gas torch for 2 days. No special heating pre- 
cautions were followed on the first heat. This heat 
ing sehedule 1 tandard for all monolithic roof 
As of 50 heat there was no indication of the lam: 
nations characteristic of the rammed roof 

The cost per heat of roofs with rammed centers of 
the 3200 F castable was reduced by approximately 
15 pet as compared with roofs constructed with the 
pecial center shapes of fired tile; likewise a savin 


of approximately 5 pet was obtained as compared 
with the 70 pet alumina plastic which showed up 
next best. Although the difference in life between 
the two materials was negligible, the plastic had a 
higher first cost due primarily to the greater quan 
tity required because of its higher density 

should the final results indicate that the castabl 
vhen vibrated into place, gives a life equivalent to 
ammil additional savings will result because of 
reduction in placement time. Further savings would 
esult if a longer life were obtained 


Discussion 


The four plants covered in the foregoing case are 
typical of many which are successfull ising mone 

thic constructions. The results listed indicate that 
! ill Cause the use of monolithic refractori pe! 

tted savin in refractory roof costs, rangi up 
to 30 pet. The also indicate that there ts a variatior 
n results among different materials and that the 
nethod of in tallation can have a ignificant bea I 
on the ‘ cto life and the resultant i 
cost 
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ANALYSIS OF ARC FURNACE CONTROL 


A method has been devised for working out problems in are furnace con 


by J. H. Kogen 


trol, either on paper or with the aid of a computer, which eliminates costly 


guesswork im choosing components 


control systems 


HE progre in automatic control in the past few 
Banos has been aided considerably by develop 
ment of methods for analyzing the control system 
With thi 


mizing the ystem can be evolved. In essence, the 


knowledge, means for improving and opti 


design of the equipme nt will be based more on fact 
and le m extrapolation or chance 
The are 


furnace presents a problem of continuall 


changing condition Temperature, the material 
being melted, and many other things vary the pa 
rameters of the system, and the analysis must con 


encountered. For th 
although 


Variou com 


ider the range of condition 
reason an approximate analysis is of value 
analysis of all the 
plexities will undoubtedly provide additional infor 


a comprehensive 
mation For practical design considerations, certain 
reasonable assumptions and approximations are ac 
ceptable, but it must be appreciated that the analysi 
ipplicable within the boundaries of these 


Is Only 


approximation 


Description of system 


The are furnace control system i hown diagram 


matically in Fig l Are current and are voltage are 


measured by means of current and potential trar 

former! These two measurements are ent to a 
controler which compare the two value and pro 
duce power for the hydraulic evlinder or electri 
motor actuator. The actuator is mechanically coupled 
to the electrode mast and position the electrode 


until the desired balance between current and volt 
ave is obtained 
Analysis 


The first step in the analysis is to represent the 


furnace in a simple block diagram form a 


J. H. KOGEN is Chief Development Engineer for the Askania 


Regulator Company, Chicago. Paper to be presented at the AIME 
Electric Furnace Steel Conference, Pittsburgh, December 1957 


making adjustment 


and modifying 


normally em 


Fig. 2. A mathematical notation 1 
ployed which completely describes the operation of 
each of the component This deseription 3 made 
in two parts: the input-output characteristic and the 
dynamic characteristi 

rhe input-output characteristic, normally called 
amplification or gain, is the ratio between what 
comes out and what goes in. An electronic amplifier 
might produce an output of 100 v for an input of 
10 v for a gain of 10 v per v. A de motor might 
rotate at 1000 rpm when 100 volt apphed to the 
field, the gain then being If the output 
of a gear train is 1 revolution when the input ha 


the gain is 1/20 


10 rpm per 


turned 20 revolution 


kach component in thie tem, then, has @ gain 
value by which it is partially deseribed, and thi 
Value is not a function of time If the input to a 
device is changed instantaneously, the output may 


rapidly 


not change a 


The dynamic characteristic 


The second part of the description of the clement 
into account 


Amon 


pring rate, viscous damp 


is the dynamic characteristic. This take 
those ftactor Which are a function of time 
these factors are: inertia 
ing inductance resistance and Capacitance Thi 
description is normally in the form of a type ol 
horthand notation derived from the differential 
equations which describe the component 


Using the mathematical descriptions of each con 


ponent, the operation of the control system | imu 
lated by an electronic Computer or by mathematical 
analysis. The ease of performing this operation a 
compared to building the entire apparatus Is ap 
parent, particularly when the apparatus Is as enol 


imnalyzed and can be described mathematicall Witt 
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2 
tad 
ae 
nown i mous as the larger are turnace 
Most of the commonly employed component ich oe 
as electric motors, hydraulic cylinders, transforr 
LP! 


‘ 
'O Power AMMETER 


— CONSTANT arc VOLTMETER 
OC VOLTAGE 


7 
VARIABLE RESISTANCE 


ELECTRODE Fig. 3a-—Circuit for measuring the arc current-arc voltage 
relationship of the de arc 


actuator 
ELECTRIC ARC 


OC VOLTAGE VS OC CURRENT 


VOLTAGE INCREASING 
ARC LENGTH 
J 
ii amc vOUTAGE 
»$ MEASUREMENT 
mas 
ARC CURRENT MEASUREMENT CURRENT 


F A 
Fig. |-A typical system for electrode control is. 3 re current-arc voltage plot for constant arc 


length 
CURRENT 
] 
\ Fig. 4a—Half cycle 
’ ac wave superim 
it posed on dc 
characteristic 
CONTROLLER - ACTUATOR - ARC 
wave 
| 
act 
oy Fig. 4b—The ac wave 
on a time basis 
Fig 2-—Block diagram of the elements in an electrode con 
trol system 
considerable aeeurae In analyzing the electrode controlled by varying the resistance in the circuit 
control tem, the main problem is that of aceu The voltage is measured across the arc; the ammete! 
rately describing the are itself measures current through the arc, and readings are 
: taken for various settings of the series resistance 
Analysis of the furnace arc Fig. 3b shows a plot of such readings for a constant 
In the electrode control tem a measurement | are length When the current reaches values in the 
made of are current and/or are voltage. These vari order of thousands of ampere this characteristi 
ables change as the are length change Phu the becomes relatively flat, arc voltage remaining con- 
pauin of the are is the are-volts per unit are length tant for increasing values of are current 
and are-current per unit are length. With all othe Consider now ‘% cycle of an alternating current 
parameter constant it 1 nece ary to determine wave Such a wave ! hown uperimpo ed on the 
the change in are voltage and are current for a unit de are characteristic in Fig. 4a At zero time the 
change in are length current and voltage are both 0, and no are exist 
The dynamic characteristic of the are describe rhe voltage in the circuit increases until point A 
the time la nvolved after a change in are length is reached, at which time the are strikes. The volt- 
until new values of current and voltage are reached age then falls to some value near the de are char- 
but for the purposes of this discussion it will be acteristic. As the applied voltage increase the a 
i imed that this lag can be ignored. Such factor are characteristic follows the de are characteristu 
us the inductance between electrodes and the toniza- until some large current value where the two are 
tion time of the gases are assumed negligible com practically together The current increase until 
pared to other factors in the control system ome maximum point is reached and then begin 
lo determine the gain characteristic, we will first decreasing. The current decreases following the de 
consider the direct current ar Fig. 3a OWS a characteristic until some low current value 1} 
circuit which would be used for measuring the ar reached, at which time a slight increase of voltage 
current-are voltage relationship of the de arc. Volt occurs and then the are extinguishe The voltage 
age FE represents a constant de source. Current I | then follows the applied voltage curve down to 0 
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Fig. 5—Arc voltage 
vs arc current for 
various arc lengths 


OF 


Fig. 7—The moving coil element which moves the jet pipe 
shown in Fig. 6 


Fig. 4b shows the ac wave on a time basi 
ing a small peak at the beginning and end of the 
half cycle and the relatively flat top during the 
majority of the half cycle 

To simplify the analysi: 
approximated by a square wave; this approximation 


, portray- 


the voltage wave will be 
means that the mall portions at the beginning and 
end of the half cycle are being ignored. For large 
values of current this 1 

Fig 5 I a et of curve howling ar 
versus are current for various are lengths in the 
high current region. Since the distance between 
independent of current, a plot can be 
length. The slope 
are-volts per unit are length or are 


a reasonable approximation 


these curves } 
made of are voltage versus arc 
of thi 
voltage gain. Test 
that the 
10 to 30 v per in. Are current gain is a function of 


curve 1 
made by various observer how 
value of are voltage gain is in the order of 
the furnace transformer voltage, the resistance and 
reactance of the bus bars and transformer, as well 


as the arc itself 


Analytical and measured response 


To determine the accuracy of such an analysis, an 
existing system was analyzed, and results were com 
pared to tests made on a control system The system 
was electrohydraulic, the electrode mast being di- 
Movement 
controlled by an electro 
ignals of both 


rectly positioned by a hydraulic cylinde 
of the cylinder rod wa 
hydraulic controller which received 
arc voltage and are current 

The electrohydraulic controller is based on the jet 
A hollow rod about 


8 in. in length is pivoted at one end. Hydraulic pre 


pipe principle, shown in Fig. 6 


ure is applied at the pivoted end, causing a stream 


of fluid to emerge from the free swinging end. The 


voltage 


Fig. 6—The jet type 
of electrohydraulic 
controller 


Fig. 8—Arc voltage 
vs electrode position, 
as measured by the 
oscilloscope 


RECTIFIED ARC VOLTAGE 


ELECTRODE POSITION 


ve 
CONSTANT VELOCITY 


tream of fluid impinges on a flat plate in which two 
holes are drilled. When the directed be 
tween the two hols the pre 
is identical, but displacement of the rod causes the 


tream 1 
ure recovered in each 


pressure recovered in one orifice to increase and the 
other to decrease. The orifices are connected to a 
hydraulic cylinder and the hydraulic pressure is 
employed to move the cylinder rod 

Fig. 7 how the 
used to move the jet pipe. Thi 
a coil of wire placed in a magnetic field; when volt- 


moving coil element which i: 
element consists of 


produced which 
pring re 
directly proportional to 


age is applied to the cou, a force 1 
moves the jet pipe. Since the jet pipe 1 
trained, it 


apphed voltage. For are 


displacement | 
furnace applications two 
coils are used: one for are current and the other for 
are voltage 
ystem depends on the bal 
When the prope 
centered and the 
tationary. An unbalance causes the jet 
Hydraulic fluid flows to the 
cylinder, causing movement of the rod and conse- 


The operation of the 
ance of are current and are voltage 
balance exist the jet pipe 1 
cylinder 
pipe to be displaced 


quent movement of the electrode until a balanced 
condition is again achieved 
In making the analysis, the gain and dynamu 
characteristic of each component in the system wa 
to determine the 


determined. It was then necessary 


voltage and current gain of the are. Since accurate 
knowledge of the power circuit impedance was not 
available, this was determined by measurement on 
the system 

A potentiometer was connected to the electrode 
mast to provide a voltage proportional to electrode 
position, the voltage being applied to the horizontal 
plate of an oscillo cope The are voltage Wa ap 


plied to the vertical plates of the oscilloscope. A 
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Fig 9—Electrode 
position vs time, 
showing rapid 


rec overy 
PILOT 
PRESSURE 


HIGH SPEED| | 
| 


VALVE 


HYORAULIC , ARC CURRENT SIGNALS 
Fig 10-—Step powen 
Cc 
SERVICE 4 


function response of 
arc furnace control 
H tal rul 

Fig. 11—Control system using a bypass valve which quickly 


indicate '2 in corrects tor large upsets in the furnace 


the system 


thu howed how 


The analysi 
to avoid thi condition 


designed in ordet 


Use of the analysis 


used to determine the feasibility 


thie ystem previously described so 


An analysi 
modifying 
would nploy relatively 


regulation 
h speeds would 


peed but tha hig 
Upse The vVstem ig. 1] 
ume before 


normal 


electrode 


mal control is the 
e upset within the furnace 

are driven to 

four-way 


connection opens a 


pusse the booster valve and allow 


if fluid to flow. The que 
the tability of the 


tion which 
tem would 


the by-pa Valve 
tem showed that the 
tem was later built. and 


theoretical conclusion Normal 


6 ft per min; the 
lifficulty with stability 


over-ride 


vo 


electrode breakagt was encountered 


Conclusion 
The exan ple cited how ‘ 
nean be achieved between the theoretical and 
electrode control system. A 


of the control 


that a rea onable cot 


imulation can be u 


redicting adjustment 


» the ystem 
anal must be 
the anal 


friction 


to obtain 


act dupli ation of 


obtained, but thi 


vation into 


oubtedly be 


ieoretical and prac 
{1 to achieve con- 
furnace control 
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Time 
the are length changed. the trace moved acro the 
creen, products i picture a hown in Fig. The 
i bre ht of the trace increased with are voltape Thi 
tt pict change of ire voltupe ie 
‘ ane engtl In th cause the measurement 
be available fe 
wus | 
A proposed 
i cu ert ‘iil Nit ined the “ill 
condition 
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; Vir l sec the electrode has corrected to within 37 
. was 22 ft per 1 ol 
bry testis thie ten an electrical nal 
obtained whiel proportional to the position of 
thie eloet cle 1} nia applied to the vertical 
plate of oat loscope The horizontal movement 
ry the cilloscope i function of time. Fi 1O 1 
i phot mph of the esponse obtained The elec 
tii laced to a certain point, and 
she controiier wes than te The ole mathematical simulation tem is, 
trode reached 37 pet of the initial error in about 1.3 therefore, possible. This sEEEEEsed for 
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Raw Materials 


Harris 


by James C. O 


For the American Iron and Steel Industry 


Dur ng the past 
requirements of tron and 


materials that will be needed and their source: 


panding industry for the next 20 years 


iron ore and metallurgical coke as during the past 


1957 the Nation teelmaking 
million net tons, a 46 pet in 

t 10 year Predictions by a 

of steel executives are that by 1960 capacity 

v between 140 and 145 million net tons and 

by 1975 between 180 and 200 million ton 


Steel consumption 
Consumption of steel per capita 10 years ago wa 
1190 Ib, bi 1 ingot output, compared with the 
f 1415 Ib. This is an equivalent 
about 2 pet per capita. If U.S 
at the sume rate to 1975 that 
t 10 years and with a per capita 


l pet a yeal then U.S 


of only 


ot requireme! are estimated at 180 million ton 


1975 


Pig iron requirements 


lo supply an industry thi ize, pif 
130 million 

1955. The 

crap are 

I and Fig. 1 

ble and other table in 

i on pa production and con 
iblished by the Americ: ron and 
AISI), Bureau of Censu and U.S 
(| SBM) For the 


tir te of 90 pet of capacit 


purpose of thi 


el indust! has been assumed 


JAMES CO. HARRIS is Physical Scientist, Branch of Ferrous 
Metals and Ferroalloys, Div. of Minerals, U. S. Bureau of Mines 
Papers by staff members of the U.S. Bureau of Mines are not 


subject to copyright 


several years there has been much discu 


we may need almost twice a 


ion about future 


teel. Of equal concern are the quantities of raw 
To supply thi 


rap dly ea 


much 


core of year: 


Calculated requirements for pig iron and scrap in 
different ratios The 
timated on the assumption that 


lable I are estimated using 
under A ‘ 
the pig iron-to-scrap ratio fo 


hgure 
ingot producet 
from present through 


52 pet pig iron and 48 pet 


main unchanged practice 


1975 and will consist of 
under B are derived by assuming 
from the 


Crap The figure 
that the pig iron-to 
ubove 52:48 ratio to a 60:40 ratio by 


In calculating these requirement 


crap ratio change 

1975 
for pif iron and 
crap, certain further assumptions or estimates were 
made, These are 1) that the output of hot-melt 
will decrease from their pres 
teel output to 61 pet by 1975; 


cold-melt open hearth and 


open-hearth furnace 
ent 64 pet ol total 
2) that production fron 
bessemer furnaces will remain constant at 11 million 
tons, electric furnaces will maintain their position 
at 7 to & pet of total output, and oxygen steel will 
radually increase to 10 million tons by 1975; and 
4) that the of independent 


would increase to 22.5 pet by 1975 and 


annual consumption 
foundru 
that the foundry charge would consist of the present 
mix of 70 pet serap and 30 pet pig iron 


lron ore supplies 


To meet the high demand for pig iron in the com 

eal an increase of 40 to 60 pet in iron-ore 
equirements may be expected; undoubtedly most 
of this will come from foreign 


ore imports in 1956 were 30.4 million ton 


ource U.S. ion 
compared 
with 2.4 million tons 10 years ago. The requirement 
and probable sources of iron ore are given in Table 
II. In computing the 
timated that the iron content of the 


ron ore required for blast fut 
Bie it Nal 


would increase 
1975 


feed (ore and sinter) 


timated 53 pet for 1957 to 58 pet by 
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Table | 


Estimated Steel Demand and Pig Iron and Scrap Requirements in the U. S., 1957 to 1975 
(million net tons) 


Metallics for 

Independent 

Foundries 

and Other Total Kequirements 
Pig 1 ses 

{ apar 


Metallics for 


Steel Plants 
Steel Ingots 


Iron Serap Vig Vig Pig 
ity duction pet) (18-40 pet) Iron 


Iron Iron 


Table Il. U. S. lron Ore 


Estimated Requirements 
(million gross tons) 


and Sources, 1957 to 1975 


ire Requirements 
Hiast 
burnaces 


Sources 
Steel 


Total Latin 
burnaces Required Canada America Other 


Table Il. Estimated Coke and Coal Requirements of the American Steel 


Industry 
(million net tons) 


Vig tron Production 


Total Coke Total Coal 
Requirements Requirement 
Ver Ton Pig tron 


Coke Requirements 


Table IV. Estimated U. S. Scrap Supply Table V. Estimated U. S. Purchased Scrap Supply, 
million net tons Including Foundries (million net tons) 


ingot Producers Independent 
Category A 


Category A Category BK 
(Category foundries Prompt Prompt 
Pur Indus Total Indus 
chased trial Obsolete ur trial Obsolete 
Serap Serap chased 


ur 
Home chased 


Total 
Home chased Home Pur 
Serap serap chased 


d that there would the same a category A. However 
is estimated that the in 
the pound of ore pe hot-metal open hearths would increa 
161 Ib 100 million tons in 1957 to 146 million 
comput o ) equirement i With the 
B, it is 3 ¥ t! li 
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om 60 pet to 66 pet during the 


1530 JOURNAL OF METALS, DECEMBER 1957 


Year serap 
957 2 12 740 7.0 79 79.5 
d Hut 7 “nu 465 
“2 ; 79° 19 on 109 117.5 98 
Year gory 
74 ne 2t l 2 
74 2 9 14 
“ m7 2) 
“47 we 7 24 
; \ 11 160 u 27 
iat 14f 7 4 2 
ve \ 29 7 100 
that the ercentage output hot et nen heart decrease fror ts present pet of total 
tee pet that | elt ope he tt plus b ere te er ‘ tant at 11 t elec 
thie pet tet itput and e tee grad ere ‘ to 10 Ff on te b 197 
‘ het et pe bie change fi the present 60 pet pig i 40 pet crap t 66 pet pig rot 
j 
Vear n 
wee 7190 744 102 9 4 
2 24 110 117.9 
a Ly i 89.9 102 146 ¢ 
eure t the ate ‘ ove the t 2 ‘ 
tn 
. 
] i i! wt 95 256 
kon fo 
put 
ise Om 
ton 
ly in 
ory est 


SCRAP 


| 


ss &. 


PURCHASED SCRAP 


+7 


Fig. 1—Estimated steel capacity and production together Fig. 2—Estimated ore, coal, and purchased scrap require 
with pig tron and scrap requirements) “A” assumes un ments of the American steel industry 


changed pig iron-to-scrap ratio, while “B” assumes ratio 
increases trom 52:48 to 60:40 


mated that the iron ore and sinter portion (charge per ton of pig iron would be reduced 10 pet by 1975 
and feed) would increase from the present 8.6 pet During the past 20 years the average national yield 
of the metallic charge to 12.6 pet by 1975. Mill for coal to coke has been 69.9 pet. This figure wa 
cinder and scale required were not included in the used in computing future requirement 


Of the 106.6 million net tons of coking coal de 
livered to oven plants in 1955, 65.6 pet was high 
volatile, 10.8 pet was medium and 23.6 pet was low 


ul 


Beneficiated ore volatile. USBM records show that there is an ample 
upply of high- and medium-volatile coal for the 

In augmenting the supply of direct- hipping ore next 100 to 200 yea however, the remaining 
from the Mesabi, we must look to beneficiated low known reserve of low-volatile coal that constitute 
rade iron ore rom the Lake Superior region and le than 1 pet of total reserves of all ranks are 
Ore from Canada and South America. Canadian estimated at nearly 17 billion tons, as of Jan. 1, 1953 
upplies will include direct-shipping ores from Knob Of this tonnage, it is estimated that only 4 billion 
Lake and Steep Rock deposits and beneficiated ore tons is recoverable by modern mining method In 
from Marmora and Miu hipicote n de posit Othe: 1955, 30 pet of the 83 million net tons of low-volatile 
developments in Canada are the extensive iron ore coal produced was delivered to coke plant If a 
project of U. S. Steel Corp., which will include a hortage should develop in the supply of low-volatile 
concentrating plant at Mt Wright and a private coal, char or semicoke made by partial carbonization 
railroad to Shelter Bay where dock facilities will be of high-volatile coal could be used as a substitute 


built, a large deposit in Labrador under develop 
ment by Canadian Javelin Ltd., and the Iron Ore 
Co of Canada which 1 planning ignificant ex- 


ploration in the Wabush Lake area. Increased ton- Serap needs 
nages are expected from Venezuela and Chile. Peru 
and Brazil will, no doubt, be upping their shipment 


A forecast of the requirements for scrap for the 
iron and steel industry through 1975 is presented in 
Tables IV and V. A home-scrap factor of 42 pet for 


In the U.S., 40 million tons of agglomerate from 


the Minnesota taconites and the Michigan jasper ingot producers, based on the past five-year average 
may be expected within the next 10 year Sinter ratio of home scrap produced to ingot output, wa 
ing capacity is also increasing, and by the end of used in computing future home scrap for this group 

The data given for independent foundries and othet 


1957 it will have increased to 63 millon tons from 


uses are based on previous consumption data by 


38 million tons in 1955. Other developments in 


these industries, with an estimated 22.5 pet increase 


beneficiation are underwa in iron ore districts in 


in consumption by 1975. Total purchased scrap for 


i number of state 


all industries is summarized under categories A and 
B. It is noted that the purchased scrap requirement 
for category B remain almost constant because of 


Coke requirements 


the predicted changes in pig iron-to-scrap ratio for 


Coke and coal requirements for categorie A and this category 
Bare ven in Table III. In computing the coke re A 12-pet factor was used for prompt industrial 
j ent t estimated that the coke required crap. This ts based on the USBM Materials Survey 
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AN OXYGEN STEELMAKING PROCESS 


High carbon, low phosphorus steel can now be made from pig iron 


by F. W. Luerssen, 
J. W. Halley, 


M. Tenenbaum 


containing 0.7 pet P or more, in a commercial sized open hearth furnace 
No external heat is required for refining, and steel produced is identical 


with basic open hearth steel 


HE classical Thomas process, which requires liq 
uid pig iron containing over 1% pet P, yields a 
product relatively high in phosphorus and nitrogen 
Unkle large quantities of recarburizers are added to 


the refined steel, the product is low in carbon con- 
tent. Thus, the Thomas process is not well suited to 
American raw product 1 
not acceptable according to the standard et by 
American industry 

The shortcomings of the Thoma 
long been recognized; with the advent of low cost 


materials, and it 


proce have 


oxygen, studies were initiated to develop pneumatic 


which would conceivably overcome the 


to Thoma 


proce ‘ 


inherent objection teelmaking. Several 


uch modified basic pneumatic processes have been 
tested experimentally in commercial trials during 
the past decade. Probably the most widely publi 


cized of these been the oxygen 
converter proce as practiced in Austria’* and in 
Canada.” In thi ubstituted for 


air and introduced above the liquid bath in order to 


developments ha 
oxyren | 


proce 


increase the heat available to the metallurgical 


tem. This avoids the need for high phosphorus raw 
materials and gives a product low in nitrogen. In 
this proce the phosphorus content in the final 


product depend to a considerable extent, on the 


total amount of that element in the burden 


The rotary furnace’ which j now in commercial 
operation at Domnarvet Steelwork Sweden. | pro 
ducing low phosphoru teel from iron containin; 


F. W. LUERSSEN, Junior Member, AIME, J. W. HALLEY. and 
M. TENENBAUM, Members, AIME, are Chief of Reduction and Re 
fining Research, Assistant Manager, Research and Development 
and Superintendent, Metallurgical Quality Control, respectively, at 
the Indiana Harbor Works, Inland Steel Company, East Chicago, 
Ind. Paper presented at the AIME Annual Meeting, New Orleans, 
February 1957 

TP 4647C. Manuscript, April 2, 1957 
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Oller, 


1.86 to 2 pet P. One or more early slags are removed 
high carbon steels of open hearth 

tage of develop 
to the appheability 


and by this mean 
quality can be produced. At thi 
ment there is some question a 
to large heat 

been the use of oxy 


of the rotary proce 
Another development ha 
zen in combination with either: 
dioxide" in the basic bessemer, thu 
troduction of nitrogen gas into the refining system 


team” or carbon 


avoiding the in 


and giving a product relatively low in nitrogen con 
tent. A double 
in conjunction with a regular Thoma 


lag proce has been used in Burope 
converter, by 
means Of which it is possible to obtain a phosphoru 
content in the product approaching that obtained in 
open hearth steels. The Turbo-Hearth proc 
‘ which uses the side blowing principle so as to 


basic 


produce low nitrogen steel from normal American 


pig irons, has been developed experimentally in thi 


country 


A process fitted to U. S. raw materials 
All of the with the 


tion of the rotary uffer from the common 
hortcoming that they 
duction of high 
le large proportions of recarburizers are added. In 
1947, a program was initiated by the Inland Steel] 


teclmaking proce 


preceding processe excep 
furnace 
cannot be adapted to the pro 


carbon, low-phosphoru teels un 


Company to study an oxygen 
pecifically designed to utilize the full range of 


analyses encountered in. American pig 


phosphoru 
irons and to give final products with phosphorus and 


nitrogen content compat ible to tee] produced by 
the basic open hearth proce some of the objec 
tive ol the proposed proce wre ] the proce 


hould be able to accommodate molten pig iron con 


taining up to 1 pet P., 2) the proces hould be ib 
ect to close control of carbon analvsi s) the pros 
e hould be capable of producing high carbon 
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Fig. 1—Left: Cross section of the basic lined furnace used in 
the 750 Ib tests. The tuyere box and wind pipes were removed 
from the original, and a port was cut in the side to observe 


lancing 


Fig. 2—Above: The 750 |b converter, showing the general 
construction and gearing arrangement, which allowed a 90° 
tilt in either direction 


tended to show the similarity of the pattern of re- 


| fining reactions in the steel for two heat size 
ler 0.004 pet 


product ompari thi Tests in 800 Ib converter 
asic open he ol f 
; Equipment: The sk h shown in Fig. 1 indicate 
the general proportions of the reaction vessel used 
carbon content approache in carrving out the 750 Ib heat tests. The vessel wa 
originally designed as a 1000 lb capacity side-blown 
acid converter. For the purpose of these studies, the 
box and wind pipes were removed from the 

ginal 36 in. diam shell. An 11 in. square opening 
was cut into the oute! hell to serve as a port 
through which lancing could be observed. A refrac- 
tory lined door was made available to cover thi 


ome cursory studi 1948 demonstrated 
that with careful control of the charge materials and 
with regulated practice r introducing oxygen In 
the steelmaking system, a sequence of metallurgical 
reaction was uttained li fulfilled the preceding 
requirements. Following this exploratory work, a se lancing port when the vessel was not being operated 
ries of 61 te we; were conducted in a modified The initial working lining was built up of regu- 
ide bloy 


vn CONTIN if about 750 Ib capacity. Thes« lar 9 in. low-iron basic brick. This lining wa ep- 
tudies gave some i wht into the metallurgical a arated from the shell on all sides by a 1 in. layer 


pects of the prop oxyrel teclmaking proce of plastic chrome refractory. This heavy lining en- 
closed a 16 in. diam by 15-'% in. deep reaction cham- 


and erved a a basi for planning large-scale 

experiment The large-scale experiments cons! ted ber 

of four y m heats made in an open hearth he vessel, which was mounted in side trunnions, 

furnace ‘ was modified to accommodate large could be tilted more than 90° from the vertical in 

volume f lance oxygen for refining without the both directions through a gear arrangement. A pho- 
; xternal fuel tograph of the outer shell, showing the lancing port 

I'he i obtained in these studies are presented and the general construction, | hown in Fig. 2 

in two ial ections of this paper. The first sec The vessel was pre-heated by means of an air- 

tion descr the experiment conducted in the pi burner. Thi ame facility w used between 

modified ide-blown converter! I'he econd section eat to avoid exce ive temperature drop in the 


which covet the results of the 125 ton tests, Is iIn- asl refractory 
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Table |. Approximate Analysis of Pig Iron, Sinter Ore and Limestone, Pct 


s ca MeO Ko Ign. Loss 


Standard '% in. pipe was used for lancing 
throughout this test. For the most part, the only re- 
fining gas used for the process was oxygen. While 
the simple lance construction provided an effective 
method of introducing oxygen into liquid metal, per- 
iodic short delay periods were frequently required 
to replace the pipe or readjust it to obtain samples 
and to make furnace additions. High purity oxygen 
was supplied from a ten-tank manifold. With this 
arrangement the oxygen pressure at the furnace wa 
55 psig 

The only severe refractory lining erosion that was 
encountered during the study occurred on the back 
wall directly opposite the lance position. At this po- 
ition, it was necessary to patch the refractory afte! 
each 8 to 10 heats. A normal mixture of high mag- 
nesia patching refractory and open hearth slag was 
found satisfactory for this repair operation. The 
dotted line of Fig. 1 shows the extent of refractory 
erosion and build up after 61 heat 


Typical operating practice 


Hot metal was supplied from an induction fur- 
nace. Molten metal of known analysis and con- 
trolled temperature was tapped into a lip-pour-ladle 
and transferred to the experimental steelmaking 
furnace by a 5-ton overhead crane. The experimen- 
tal furnace was maintained at a temperature of 
1900°F during non-operating periods by firing with 
the available domestic ga 

The normal charge materials were limestone, sin- 
tered iron ore, basic pig iron and steel scrap. The 
limestone wa pecifically sized for experimental 
work and averaged about 2 in. diam The sinter ore 
varied from fines to 2 in. in size. Selected 2 in 
quare by % in. thick pieces of plate scrap were 
used for covering the ore charge. Approximate anal- 
yses of the pig iron, sinter ore, and limestone are 
given in Table | 

Limestone, sinter ore and scrap were charged in 
the sequence indicated to the preheated furnace 
Except where the quantities of these materials were 
varied for special studies, the following standard 
charge was used: a.) limestone (6 pet of hot metal 
weight), b.) sinter ore (6 pct of hot metal weight), 
and c.) scrap (25 lb) 

Upon addition of these solid materials, the fur- 
nace was tilted about 45° and approximately 100 Ib 
of liquid iron was added. After 30 sec, the remain- 
ing 650 lb of molten metal was charged and the fur- 
nace was returned to a vertical position. The oxy- 
gen lance was then inserted into the bath which, by 
this time, was boiling actively. During the first few 
minutes of lancing, a hot liquid slag formed. Al- 
though it was not always possible, it was aimed to 
retain the first slag in the furnace for a total time 
of 10 min before flushing. During formation of the 
flush slag, samples of metal and slag were taken at 
intervals of from 1 to 3 min. Flushing generally 
tarted when 8 to 10 in. of foamy slag covered the 
metal surface. By tilting the furnace forward, with 
the exit end of the oxygen lance located near the 
lag-metal interface, a foaming slag condition wa 
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developed which permitted removal of almost all 
of the slag through the side opening 

After the flush, lancing was briefly interrupted 
while controlled quantities of burnt lime and fluor- 
spar were added. At 5 min intervals, additional 
amounts of burnt lime were charged as required 
The quantity of fed burnt lime varied from 3 to 5 
pet of the charge depending on the amount of ulfur 
or phosphorus in the charge. To avoid excessive 
foaming and also to aid in lime solution, additional 
small quantities of spar were used 

For the first 20 min following hot metal addition, 
test slugs for chemical analysis were obtained by in 
serting a graphite rod with two cavities drilled neat 
its lower end into the bath. The slag adhering to the 
graphite rod after withdrawal was used as the cor 
responding slag sample. After the initial 20 min 
period and until the carbon was reduced to the de 
ired level, standard carbometer tests were utilized 

Due to excessive foaming of working slags, inter 
mittent flushing was sometimes necessary. Thi 
flushing action could be partially controlled by tilt 
ing the experimental furnace and by adding burnt 
lime. Thus, to maintain a sufficient slag volume, tt 
was sometimes necessary to use an excess of lime 

After the desired carbon content and bath tem 
perature were attained, the furnace was tilted for 
ward and the metal, along with considerable slag 
was poured into a teapot ladle preheated to 110075 
Additions of ferromanganese and aluminum were 
made during this period. The final steel was then 
poured into specially constructed big-end-up, split 
hot topped molds. The teapot ladle was not a sati 
factory pouring arrangement since slag trapped in 
the spout was poured along with the molten steel 
into the molds. As a result, considerable slag wa 
often entrapped within the solidified ingot 


Discussion of results 


Such a large volume of data was taken in study 
ing the chemistry of the 750 Ib heats that it is im 
possible to show detailed data on all heats. However, 
the general characteristics of the heats were very 
imilar. Typical heat logs are presented to show the 
general trend 

The first several heats were made while experi 
ence was being gained in the control of the proce 
and in the manipulation of the equipment. The lo, 
of a typical heat made during the latter portion of 
this period, shown in Fig. 43, demonstrates the gen 
eral behavior of the process quite clearly. The fairly 
uniform rate of carbon drop is the result of a nearly 
constant oxygen blowing rate. The rapid elimina 
tion of phosphorus in a highly oxidizing flush slag 
early in the refining is the distinguishing character 
istic of the proce which makes possible the pro 
duction of high carbon, low phosphorus steel 

In general, the flush slag was removed from 5 to 
10 min after the start of blowing. The removal of 
lag with only a few exceptions did not result in 
discontinuiti in the phosphorus drop. However, 


occasionally the slag was completely removed. Thi 
left the bare metal exposed to the atmosphere and 
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Fig 5—Relationship between carbon and phosphorus in 


refining low to high phosphorus heats 
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Fig. 6—Effect of sulfur on the rate of sulfur removal; hot 
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Fig. 7—Early sulfur elimination in two 750 Ib heats SULFUR x 
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Fig. 8—Course of refining heat no. 38, a high carbon heat 
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Fig. 9—-Course of refining heat no. 40, also a high carbon Fig. 10—Course of refining 125 ton heat no. 4, also showing 
heat the CaO/Si0. ratio 


dition and the earliest sample that could be taken metal containing up to 0.7 pet P and 0.07 pet 5 
Two examples of rapid early sulfur elimination are without reearburization and without external firing 
hown in Fig. 7. This observed phenomenon remain These results fulfilled the objectives of the original 
unexplained since the cause has not been and per- program. Because of these very encouraging re ult 
haps cannot be separated from the data an experimental program was proposed for carry 
As experience was gained with the proce it be- ing out the proces on a commercial scale. The 
came possible to tap the heats at any desired car tudies to this time had indicated that a departure 
bon level. This is demonstrated in Fig. 8 and Fig. 9 from a converter shaped vessel to a hearth type 
which are the logs of two high carbon heat It i furnace might be beneficial to the proce After 
both interesting and important to observe that, des- considering several approaches it was decided to 
pite the high final carbon content, the phosphoru modify an existing open hearth furnace to permit 
had already been eliminated down to a desirable the same sequence of operations as has been de 
level. These two heat how that hot metal contain cribed for the 750 Ib heat 
ing up to 0.250 pet P can be converted to high carbon The commercial size experiments were conducted 
(0.8 pet C) steel containing as low as 0.010 pet P in Inland’s No. 2 Open Hearth shop when shop con 
Aside from the qualities of the proce to produce ditions existed such that experimental work would 
low phosphorus and low sulfur steel it also possesse not seriously interfere with operations. Four heat 


the features necessary to the production of low ni- were made in a modified 175 ton open hearth fur 


trogen steel. Nitrogen analyses of bath samples from 
all 61 heats and from the ingots of seven heat 
ranged from a trace to 0.003 pct nitrogen. This wa 
not unexpected since very high purity oxygen (99.5 


Table I. Effect of Initial Phosphorus Concentration on Phosphorus 
Concentration in the Steel during Refining 


pct O.) was u ed experimentally 
No. of Ave P in Hot Ave After Ave Minimam 
. . Heats Metal, Wt Pet Flush, Wt Pet Vr, Wt Pet 
Commercial size heats—125 tons 
Results of experiments in the 750 Ib basic lined 0.24 OK 0 008 
ve el show that the proce capable of produce ing O06 
high and low carbon steels which are low in pho . pe ere iyi 


phorus, low in sulfur and low in nitrogen, from hot 
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Fig. |11—-A comparison of carbon and phosphorus elimination 
in 50 Ib, 750 Ib, and 125 ton heats 


differences are 


As can be seen, the 


small 


Fig 12--A comparison of dephosphorization in the open 


hearth process and the oxygen process. Scatter is approxi 


mately the same 


rmiine the operating characteristi of 


hearth 


made 


type ve el 


to the 


lat ‘ 


The 


furnace 


was dropped to accommodate 


the 


ipid slag rt 


ize and flush opening wa 
The 
imultaneous in 
This wa 
a second hole omewhat 


in the middle thre 


en 
econd mod 
the 


lance 


to permit 
Oo” en dome 


the ex 
door 


above 


! wicket hole furnace 


Furnace operation 
After 


rije 


1538 


two the fol 


furnace wa 


preliminary heat made, 


Vil idopted 


were 
Ihe 
temperature in ordet 
conditions that would be 
heat. The hole wa 
d off 


lia 


to ap 
expected 
and 
dampers were opened 
through both re- 

the cold 


tap closed 
The 
of waste ust 
the 750 Ib heat 

estone. ore. 
ed in that 


made on 


charge 
and 
The 
cold 

with 


lime 
equence 
the 
immediately 


top of 
begun 
The 
metal 
At times it wa 
pipe but 
portion of the 
bath 


to tap 


Oxyeen Wa in- 
interface at 
possible 
because of 
heat 
Oxygen wa 


lanes 
were 
Vn it! wi ith rn the 
cted continu y through 
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Fig. 13—A comparison of sulfur distribution in the open 


hearth process and the oxygen process slag-metal system 


Fig. 14 
process and 
being used 


A comparison of desulfurization in the open hearth 


the oxygen process; the Turkdogan method 


were taken 
flushing 
Bath temperatures were 
with a Pt-Pt, 10 
thermocouple. Moreover, complete furnace los 
kept of the four heat 

Following the hot metal addition there wa 
botliny the The bath wa 
lance open at the 
the heat cycle In the early 
two heats the bath tended to 
and front wall of the fur- 
on the last two heats by 
. blowing 
lag formed during the hot metal ad- 


lag and metal 


iposition change 


amples 
during 


Appropriate 
to determine con 
mea 


Rh 


were 


and during refining 


ured from time to time pet 


a light 


action in furnace open to 


receive and remained 
lance throughout 
tages of the first 
out toward the 
This wa 
Increasing t yeen 

Very littl 
dition but the 
lancing was begun 
few later 
first gradually became 
ati The late flush 


this wa ucce 


freeze end 


nace overcome 


rate 


oxyeen 
flu ha 


viscou at 


lag developed rapidly when 
the heats began to 
flush slag 
fluid off 
lags had a tendency to 

fully combatted by 


and 
minute The 
but 
factorily 
but 
par addition 

U; to 35 pet of the 
0 pet of the m 
flush. However, 
pho phoru 
flush Flush 
phosphorus and manganese 
120 to 170 Ib per ton of 
hearth heat 
iderably 


Wa 


and ran very 


be foamy 
phosphoru 


burden and up to 


anganese burden were removed in the 
the 


were about 


anese and 
hearth 
by the 
from 
comparable to 


concentrations of mag 
the ame a in 
weight calculated 
method, 
Thi 
made with 56 pct hot metal but 
than the 


open 
lag lag 
ranged 
ingot 
open 
amount of slag which 


5 con rower 
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ge 
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° 
; 
/ eo 
nace to 
the process ina 
level of the flush hole 
the 125 ton } 
leat ed to per 
iheation wa 
q troduction ‘ 
by providir 
7 
lowin pract 
brought up to 
proximate the 
ifter tapping a 
the fie | Nai tu 
fo permit remoy 
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Table Ill. Effect of Initial Sulfur Level on Sulfur Elimination 


No. of Ave Sin Hot Ave Minimum Ss Removed 
Heats Metal, Wt Pet Ss, Wt Pet Pet of Total 
10 { 17 
12 
7 062 02 
4 O74 
2 oe 64 


Table IV. Effect of Oxygen Blowing Rate on Fuel Requirements 


Oxygen Fuel 
Heat Neo Blowing Rate, Cfm Kequired, Gal 
117¢ 468 
2 14K 155 
4 wat 


Table V. Hot Metal and Steel Analyses for 125 Ton Heats 


Range of Range of 
Hot Metal Analysis Ladle Analysis 
WtePetP WtPets WtPet P WtePets 
irbo heat 0 244-0 256 0 024-0 025 0 008-0 010 oO0o18-0 019 
2,&4 
medium « bn 0259 0 028 0.025 


Table VI. Effect of Oxygen Blowing Rate on Carbon Drop and Heat 
Time 


Heat Time, Hr, 
(hg to Tap 


© Blowing Carbon Drop 


Heat No Rate, Cfim Pts per Min 
l 17 4.50 
2 0 
2 92 
4) 
Table Vil. Production Data, 125 Ton Heat No 4 
Charge Material, Lbs 
Limestone 19,500 Heat t e, hr chg. to tay 248 
ter 7,000 P duct t t pe t M1 
Burnt ) Oo 
Ox eff 08 6 
Hot me 245,001 I t product 14 
Tot ‘ 265,65 
Ing pet ne 
I eld, pet 95.6 


was removed in the 750 lb heat tests. The lower slag 
caused by an inabili- 
at flush 

xperiment wa to 


weight in the large heats wa 
ty to remove most of the slag 
One of the objectives of the ¢ 
find the minimum oxygen blowing rate at which ex 
ternal fuel was not required. This was done by in- 
creasing the blowing rate from heat to heat and 
measuring the fuel required to shape up the heat 
Fuel oil was used in the first three heats to shape 
up the refining slags which were cold, viscous and 
not fully melted. However, the slag was fluid when 


the bath carbon concentration was 1 pet in Heat No 


4 and the slag at tap was in very good condition 
Table IV show that fuel is not required in the 
proce at blowing rate it or above 1980 cfm. Thi 
demonstrates the particularly important feature that 
the heat evolved from oxidation reactions i iffi 
cient for carrying out the proce in large hearth 
type furnace Furthermore the required blowing 
rate 1 omewhat below that practiced in oxygen 
converter heats of le than half the ize. That the 


tap temperature of Heat No. 4 was 3025°F is fur 
ther verification that the blowing rate on that heat 
without 


was high enough to carry out the proce 


upplementary fuel 


Results of 125 ton heat trials 


Three of the heat were 
rimmed steel specification 


made to 


and one heat Wa 
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pecification, The 
levels of 


to a medium carbon semi-killed 
ladle analyse of Table V show the low 
ulfur which were obtained on the 
of final phosphorus and sulfur 
those of open hearth steel 


phosphorus and 
heat These 
are at least as low a 
Moreover, the nitrogen concentration in ladle sam- 
ples ranged from 0.003 to 0.005 pet N, which is the 
normal open hearth nitrogen range. This 1s 
what higher than that obtained on the 750 Ib heats, 
presumably because the oxygen used on the large 
cale heats was of lower purits 

The rates of carbon drop and heat times were 
largely controlled by the oxygen blowing rate a 
hown in Table VI. Heat No. 4 was blown as rapidly 
as was possible with the available facilities. Op 
timum heat time for the proce would be that de- 
termined by the maximum rate of refining at which 
carbon elimination would be under control. It is 
felt that heat times of 1 to 1% hr would be about 
optimum. This would require an oxygen blowing 
rate of double that obtained in Heat No. 4 
erve to demonstrate the 
features of the 
been 


level 


some- 


A specific example will 
operating and chemical 
Heat No. 4, a low carbon heat, has 
the only 125 ton heat which was 


variou 
proce 
chosen since it wa 
visualized for commercial practice. Table 
VII shows pertinent production data from Heat No 
4. Sinter made up about 7 pet and about 4 
pet of the hot metal charged, The oxygen consump 
tion, oxygen efficiency and yield were about the 
been reported for other oxygen steel 


made as 1 


crap wa 


ame a ha 
making processe 

Fig. 10 shows the courses of refining of carbon, 
ulfur. It is important to note the 
uniform rate of carbon drop, which 3 largely a“ 
result of nearly constant oxygen blowing rate A 
econd feature is the rapid early elimination of pho: 
omewhat constant level of sulfur 
until late in the heat. As was ex 
removal late in the heat wa 
lag conditions. This was also 
Sharp drop in pho 


pho phoru and 


phorus and the 
which persist 
pected, phosphoru 
highly dependent on 
true for sulfur elimination 
phorus and sulfur were experienced late in this heat 
when the slag cleared up 

The general pattern of refining reactions is ap 
parently not changed appreciably by heat size or 
by heat time. Fig. 11 demonstrates this by compar 
of refining of phosphorus and car 
The refining 


ing the course 
bon in 50 Ib, 750 Ib, and 125 ton heat 
times with the three heat 
20 min to about 3 hr with only a minor effect on the 


A ranged from about 


courses of refining. Much more important to re 
fining is the completens of flush slag 
removal in the 750 Ib heat was under the best 


hown and therefore had a more 


removal 


Slag 
control of those 
apid early pho 
naces would probably have to be rocking or tilting 


to remove flush las 


phorus drop. Commercial size fur 


types in ordet most completely 


Dephosphorization and desulfurization 


Slag and rri¢ tal data from the open hearth and the 


oxygen proce can be used to compare the relative 
physical chemical natures of the lag-metal 

tems. The open hearth data of Elliott and Luerssen 
were used for comparison of data from the 125 tor 
oxygen heat The correlation elected were those 
for phosphorus and sulfus nce they give the best 
insight into the chemistry of the steelmaking sla 


metal system 
The ionic treatment of Herasymenko and Speight” 


Wa used to compare pho phoru oxidation in the 
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2 
: 
Pie 
oa 
MEE low carbon 
S made a 


tWo processE Fig. 12 i plot of the log of the 
phorus lation equilil it onstant, K a 
i function Of basicity expre ed as the im of cal 
cium ion and magne il on fractior The line of 
best fit represents equilibriur it about 1610 ¢ It 

noteworthy that or n highly basic slag there 
i divergence toward poore dephosphorization in 
the oxy#en proce data. These highly basi lag 
NOTE iso late efinit li when the metal tem- 
perature was highest ip to 1665 ¢ The observed 
poorer dep phorizatior probably only confirma 
tion of the observed 1} hrefinir temperature 

The beha or of jifur i not near! i clear cut 
is the behavior of phosphorus. A plot of sulfur di 

tribution ratio u“ i function of slag basicity 

quite clear! that ulfur distribution ratio 
ive} h in the open hearth than in the oxygen 
proce This plot is presented in Fig. 13. Th be 
havi vus also observed by Tenenbaum” who re 

ported lowe n open hearth heats blown 
[pets] 

vith oxyven than those not blown with oxygen. Thi 
therefore appear to be related. in some 
manne to en blowin 

For tl reasor he correlation method of Turk 
logan le ilfurizatior tried in an attempt 
to determine f a clear separation of the data pel 

ted when « ron activits au feature of the cor 
elation burkade in considered the de ilfurization 
eaction IS] (0) (S) [9] and wrote an 


pet 0] 
equilibrium constant, K (S) He found 
ifpet 
that this correlated well with the total acids in the 
lage and therefore plotted K, us a function of the los 


of the reciprocal of the im of acids expressed a 
(S10,) 15 (ALQO,) 15S (PO) 

The open hearth and oxygen proce data plotted 
n ky 14 fall within Turkdogar catter band for 
Hoo ¢ More important to thi tudy is that the 


data and the ox en proce data are 


oO longet eparated. One can therefore plain most 
of thre eparation of the open hearth data and oxy 


data which wa hown in Fk 13 by 


differences n sulfur and/or oxypen activity in the 
metal bath Penenbaun findin would indicate 
that the differences nh oxyven activity in the metal 


Perhaps the most important result of this analysi 


metal system in the oxygen proce 
»equilibrium as that of the open hearth 
with regard to phosphorus and sulfur 


teclmakit proce ha been de 


more adaptable to American raw 


materials than either the conventional Thoma proc 


‘ or the ox en steelmaking processes which have 


boen cle veloped from the Thoma proce Experi 


ments have been conducted in small and large heat 


to determine the operatit and refinius characte! 
tics of the proce 
In operating the proce hot metal poured on 
i cold charge con ting of lime and/or limestone 
ore, and steel serap. Oxyger introduced essen 
tially at the la metal interface and blowing is con 
tinued through to tap. A slag is flushed in the earl, 
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tages, thus removing a large portion of the phos- 
phorus burden 
Sixty-one heats of 750 |b size were made to study 


Analy of the re- 
hows that the proces 
phosphorus very 
heat, due to the 


of the proce 
experiment 


various feature 
ilts of these 

has an unusual ability to remove 
rapidly in the initial stages of the 
fact that a highly oxidized flush slag is removed 
Low phosphorus, low sulfur, low nitrogen steel high 
produced directly from hot metal 
>and up to 0.07 pet 
concentration 


in carbon can be 
containing up to at least 0.7 pet | 
S. The effect of the initial phosphoru 
on the final phosphorus concentration in the steel 
not appreciable until the initial phosphorus ex- 
ceeds 0.7 pet P. The rate of sulfur elimination was 
found to be directly proportional to the hot metal 
ulfur concentration 
Four heats of about 125 ton size 
f They also demon- 


were made in a 
modified open hearth furnace 
trated the early phosphoru 

confirmed the patterns of refining found in the 750 
lb heat Examination of the data indicated that 
these heat closely resembled open hearth flush 
practice heats in the chemistry of phosphorus and 


ulfur 


drop and, in Re neral, 


elimination 


Conclusions 


The objectives of the program have been 
early in this paper. The following 
with reference to the objectives a 
1) The process can produce 0.010 
pet P steel from pig iron containing a 
2) High carbon low phosphorus steel 


tated 
conclusions can 
be drawr out- 
lined previously 
much as 0.7 
pet P or above 
of recarburizer 

product is low in nitrogen (trace to 0.003 
when blown with high purity oxygen and 
003 to .005 pet N when blown with 95 pet O.. 4) 
The phosphoru level 
while the carbon i tee] composition 
identical to basi 
Due to the low 


can be made without lar ve amount 
The 
pet 


concentration reache low 
till high and 
open hearth steels are produced 


ulfur burden, very low sulfur steel 


can be produced from most American pig irons. 5) 
rhe proce does not require external heat for re- 
fining. 6) The proce can be carried out in large 
hearth type furnace 
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by W. L. Kerlie 
J. H. Richards 


ORIGIN AND ELIMINATION OF HYDROGEN IN 
BASIC OPEN-HEARTH STEELS 


any amounts of hydrogen have an adverse 
effect on the ductility of steel and a wide range 


of hydrogen contents has an adverse effect on the 


internal soundne of both ferrous and nonferrou 
casting This has been of major concern to the 
metal industry, both manufacturers and fabricator 

for many yea! As one of the results of continuing 
investigations of the hydrogen problem, much ha 
been learned about methods of reducing the hydro 
gen content of liquid metals below the relatively 
high levels that are normally associated with such 
phenomena as rising ing excessive porosity 
in sand casting. Howeve was not until a rehable 
and simple method for sampling and analyzing 
liquid metal was developed that much progre Wa 
possible in quantitatively evaluating the effect of 
teelmaking practice on hydrogen contents at level 
below 6 to 8 ppm. Throughout all the work de 

cribed in the following presentation the Geffner 
pintube technique was used to obtain samples of 
liquid metal and the tin-fusion method, developed 
at Massachusetts Institute of Technology,’ was used 
to analyze the sample 
3efore attempting a tematic experimental pro 
gram for minimizing the hydrogen content of open- 
hearth steel it wi ary to determine the 
open-hearth bath 
a heat 


heats are illustrated in Fig 


variation in hyd 
ing the normal 
The log of 


W_L. KERLIE and J. H. RICHARDS, Members AIME, are associ 
ated with United States Steel Corp., Monroeville, Pa 
TP 4630C. Manuscript, Feb. 26, 1957 


TRANSACTIONS AIME 


The variation in hydrogen content of basic open 
hearth steels during refining and the effect of ¢ hang 
ing from steam to air atomization were studied. The 
water content of the furnace atmo phere the lag 
basicity, and the degree of oxidation of the slag 
largely control the hydrogen in the 


metal ystem 


teel 


The number at each point on the graph 


analyze d 


through 7 
refers to the number of pintube sample 
for hydrogen 

An increase in the hydrogen content of the liquid 
metal during the earl 
in all heat There | 
hydrogen later in the refining period, see Fig. 2, for 
Therefore, the existence of a maximum 


period of refining is apparent 


evidence of a decrease in 


example 
hydrogen content at some intermediate time during 
the refining period is anticipated 

To test for the existence of a maximum, the data 
illustrated in Fis 1 to 5 were grouped together so 
that they xamined on a collectively com 
parable basis. The grouping was effected, as illu 
uperimposing Fig 1 to 5 so 


could be ¢ 


ated in Fig by 
the apparent hydroj jaxima coincided at a 
indicated by the zero on the time 


vertical adjustment until the graph 


po ition 
Al o, by 
appeared to the eye to be 
gen scale was made to show the change in hydrogen 
ubtracted 


uperimposed, the hydro 


content. That is, a standard amount wa 
from the hydrogen values for each heat. Therefore 
Fig. 8 represents a generalized presentation of the 
data and. for this reason, cannot be used to predict 
the actual hydrogen content of the bath during re 

probable rate 


fining. but rather to show the 


change in hydrogen during refining 


Statistical examination of j grouped data in 
Fig. 6 shows that the it increase and subse 
quent decrea in hydro re real and confirm 
tence of a maximum in i The average 

period of re 


between 0.8 and 1.4 mm r hr, and the 
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Fig. |--Variation im hydrogen during refining of heat A-| Fig. 2——Variation in hydrogen during refining of heat A-2 


Effect of Water Vapor in Furnace Atmosphere— 
tjecause the water vapor in the furnace atmosphere 
i uspected to be a primary source of hydrogen, 
attempt was made to correlate the hydrogen in 
ath and the calculated H,O in the furnace 
phere 
able Il compares the hydrogen in the bath with 
H.O in the atmosphere for plant A and B when 
reas of ill 
Effect of Rate of Carbon Removal T H 
ent fuels were used. The ratio appeal 
remo il i ( if j H.O 


oughly constant and indicates that, although 
actors may be effective, the H.O in the 
furna atmosph probably the major source of 
the hydrogen in steel 
Effect of Level of Oxidation—-Figs. 2, 3, and 5 
how that when the heat is blocked there is a 
e increase in hydrogen content. A study 
in plant C tn which a heat was bloc ked 
period extended to 27 min. During 
were taken periodically for hy- 
The results of this experiment are 
Ky 10 and show that the hydrogen 
during block and may reach a value 
of 7.0 ppm 
ent correlation of maximum hydrogen 
carbon boil, and the increase of hydro- 
ith during a furnace block, suggest that 
dation of the slag or slag and metal 
nfluence the hydrogen content of the 


Other Possible Sources of Hydrogen—To mini- 
ibility of overlooking other significant 

hydrogen content of the 

added to the furnace and ladle 


Table |. Influence of Rate of Carbon Boil on Hydrogen Content of Basic Open-Hearth Heats A-1 to A-5 


At Maximam Content Kefore Block 
Hydrogen (Change in Time Kate of Hydrogen Change in Time Rate of 
in Math Carben Interval Keil, Pet in Bath Carben, Interval Koil 
rpm ret Min per Wr rpm Min Pet per 
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HYDROGEN A {08 
el 
08 } INGOTS | 
~ 
> 
“, r } > 102 
BLOCK 
F 2 5 4 5 6 
tai ‘ | ‘ 
marked effect on the rate of 1 ‘ n hvdrogen to 
vard the maximut hor imple 1 the rate 
of carbo or the f ot efinir 
vheres n the ite of carbor emoval durin 
thie poe onl O68 pet pe mad et the 
ofthe} en line ine ju te 
bial (l ppm per hi respectively ) Howeve trie 
ria un hvdroven doe appear to be fluenced 
thie ite of carbon re ‘ al tentative con 
ision is based on the data of Table I and lemon 
ited in Fy 9 ite of carbon ere il Vii 
enliculated thie dillerence it curbon content 
md time a hov in Table | and a llustrated | 
the thick portion of the carbon line in I | throug! 
) click nk show that the hydrogen 
! it loure ‘ vill nerenu ite of carbo 
emoval and eon to approach il isymptote at 
ipopore ! its 
At the end of refinu there i roughl hia hig 
elit nst betwoer thre ite of carbon remova 
ne nal th ilso illustrated in Table I 
lushed curve n | As a zero rate f 
corned i whed, extrapolated value 
 ) j = f about 7 ppr ire indicated was determined 
t i 25 to 0.19 15 a4 
‘ t t f 
i4 t ‘ 031 to 0.17 20 O42 
ef ‘ ‘ t ‘ Pig 1 
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Fig. 3—Variation in hydrogen during refining of heat A-3 
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Fig. 5—Variation in hydrogen during refining of heat A-5 


the hydrogen contents of such material 


Table III Because of kish 


A list of 
given in 


formation, it 


was difficult to obtain reliable samples of hot metal 
for hydrogen analysi However, the results indi 
cate that the hydrogen content of the mixer iron 1 
between 2.5 and 4.5 ppm. The outstanding result 
from these analyses is the value of 96 ppm reported 
for low-carbon ferrochrome. On this particular 
ample, the hydrogen was checked at 96 ppm. Cal 
cium siheide and ferrovanadium contain relatively 
large amounts of hydrogen, about 30 ppm 
Approximate calculations have been made of the 
increase in hydrogen content in the steel that could 
esult from the hydrogen content of the addition 
to the furnace at block and to the ladle at tap. The 
results are shown in Table IV, and indicate that 
with certain exceptions, the increase 1 mall and 
may be ignored in the present study. The possibl 
ncrease in the hydrogen content of steels that have 


been made with ladle addition of anthracite ha 


not be en ¢ 
in lime 
content of the 


100 to 150 Ib 


ibined 
ydrogen 


It may be argued that con wate! 


and ore 


rou 
doubtful 


that thi 


rise could be permanent 
In summarizing the results of these explorato 
tudie been demonstrated that the water 


content of the furnace atmosphere 1 po bly the 
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Fig. 6—Variation in hydrogen during refining of heats 
and B 2 


Fig. 4—Variation in hydrogen during refining of heat A-4 


er cent 
16 


> 


major source of the hydrogen in the steel and that 
the degree of oxidation of the slag-metal tem 
may be an important factor affecting the transfer 
of hydrogen from the atmosphere to the liquid 
metal 

Table II. Hydrogen Content of Steel and H.O in 

Furnace Atmosphere 
Hydrogen Olin Furnace 
in Steel Atmosphere 
Heat No rpm Pet Kemarks 
Hasic Hearth Heats in Plant A* 
ed before tap 

4.1 i2 16 Tapped ope 

4.2 47 pled before bi 

1-3 pled before block 

1-4 pled before block 
\verage 47 iz4 

Haste Open Hearth Heats in Plant 
pled before tay 

iH 7 I 1 ope 

B-2 f 4 ed before t 

B-3 1 

H-4 i4 


Hw) in fu ef 


lete ‘ e Hw the fu ‘ t ‘ tap 
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Table 1V. Calculated Increase in Hydrogen Content 
Resulting from Hydrogen in Additions 
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Controlled Experiments 
EE ely varying the factors that appeared | 
hydrogen content, it should be po | | 
ble to establish thei elatiye mportance Because } 
. | 
team atomization cont rule about 40 pet of the | 
. 4 } 
Ha othe furnace and because the rap yp 
drogen content twice that of tal | ; 106 
was decided to f changing from of ARBON | | is 
team to a atom the standard oil | \ | CARBON 
« | 
tar firing at plant firing. Preliminary i} } | ‘ 
j oe 
enliculatior ndicated that air ator vation and 100 | | 
pet tar firin would give about 6 pet H.O in the fur ( 
nace atmosphere compared with 13 pet H,O for ee 
; A new burne! 
leur itor 7Zation wa nstulled n one of the fu 
nae n plant A. Two each rated at 
600 sefn ipplied the air at 120 p ind 170 °F for 
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ie er part of the refinin alte 
re lap In on tem 1) 
vhen possible, im ere 
med ‘The usual records o nucco 
the the bath and the times of tangs 
- itt pl for each heat time 
A ft imental heat W id mace one of 
n Table \ content of 
the rate of carbon removal 
wis nev data: 1) carbon test re 
method and time of 
|| bon determinations by the 
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carbometetr ample when regular combustion 
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Fig. 8—Approximate rates of increase and decrease in hydro 
gen during refining to heats Al to A5 
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Fig. 9—Variation in hydrogen with rate of carbon removal: 
heots A-1 to A-5 


ampled simultaneously in the plant and 33 pintube 
ampled simultaneously in the laboratory. These 42 
amples covered a range of value imilar to that 
illustrated in Table VI 

The following deviations from the sample mean 
were used as critical values to test for outliet 3 
pintubes analyzed 1.00; 4 pintube * 1.06; 5 pin 
tube 1.10; and 6 pintubes, + 1.12 deviation. Thu 
in sample A-8(a) of Table VI, the average of all 
four samples is 4.22, and the value of 6.41 is suspect 
since the 2.19 deviation of this value from the 
average exceeds the 1.06 critical value, the 6.4] 
value is rejected and the average taken as 3.49 

In Table VI, the value that have been rejected 
are marked with an asterisk. For samples A-9(a) 
and A-11(a), the respective values of 11.00 and 7.70 
ppm were rejected as being impossibl high com 
pared with other samples for these heats, and for 


ample A 12(d) the 1.24 ppm Value Wii rejected 


as being impossibly low. The error in hydrogen 


2 ppm 


Table V. Conditions for Ten Experimental Heats 


Fuel Atomization Herat Nos 
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HYDROGEN, ppm 


—- + 


PINTUBE SAMPLES & 
TAYLOR SAMPLES @ 


0 10 40 
TIME AFTER BLOCK, minutes 


Fig. 10—Increase in hydrogen content of heat C1 after block 


Fig. 11—Influence 

of H.O in furnace I 

atmosphere on STEAM ATOMIZATION @ 
hydrogen in bath at an 
tap; heats A6 to 
Al5 WATER IN FURNACE ATMOSPHERE H, 0, 


Slag Basicity and Degree of Oxidation—Slay 
amples were taken on all heats and were analyzed 
for CaO, SiO,, P.O., FeO, and Fe.O,. The basic 
ity of the slag was calculated according to the ex 
pression given by Kerli’ 


CaO + 0.39 MnO 


0.93 SiO, + 1.18 PLO 


Although the basicity may be represented in othe 
ways, it has been well established that the activity 
of the FeO in the slag decreases with increasing 
basicity.’ Since experience had indicated that the 
hydrogen content tended to decrease with increa 
ing degree of oxidation, the latter was calculated’ 
from a knowledyve of the basicity of the slag, the 
total iron oxide in the slag expressed as FeO, and 
the bath temperature. The calculated degree of 
oxidation may be defined as the oxyven available 
from the lay or, as described by Darken,” the oxy 
ven content of the metal immediately adjacent to 
the slag, designated in this report as O 

Effect of Varying the ILO in the Furnace Atmos- 
phere— In Fig. 11, a plot is shown of the variation 
in hydrogen with the water vapor in the atmo 
phere. The use of the root sign is in accordance 
with the dissociation of water vapor in contact with 


liquid iron, namely 


%HO-H+%O [1] 


It l interesting to note that the line Corre ponding 


(1.3 is the average value of heat 
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Values throughout refining 


own in Table IT) Effect of Slag Basicity——Apart from the influence 
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drogen content of 4.7 ppm = 
ity and the index K H \ The nature of 
normal condition HO 
on the 
rrelation 1 hown in Fig Statistical 
ation of these data correlation 
on al 100 pet t uch that the followin pi ion equation 
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Effect of the Degree of Oxidation —Accordin ) 
leat / oO. 
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ume that the: a forced correlation between K 
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1) Since in in lowe! the oxygen 
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HO 


rrelation actualls positive 
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ive correlation 


fortuitous incre: in O, with or an in- 
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with 8. The data did not indicate 


wnt relation between O, and hence, it 
\ i i i ‘ H 
! umed that the ratio 


hydrogen content \ H,O 


varies with slag ba 
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Fig. 16—Variation in hydrogen in steel with hydrogen in 


slag 
H against log 8 for the {0 sample for 
HO 
which complete data were available 1 hown in 
Ky 14 In th case the correlation also signifi 
cant 
Predicting the Hydrogen Content) The repr 


hon equation for the data of Fig. 14 wa found to be 


FeQ), 
log H 0.58 log B 0.49 {4 
HO 
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3.10 
H [5 | 
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Heat No 


Table VI. Variation in Hydrogen Content and Bath Temperature at Different Carbon Levels 
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with the observations of Walsh, Chipman, King, 


and Grant 


Summary and conclusions 


During the course of refining in the basic open- 
hearth, the hydrogen content of the metal rises to a 
maximum. Thereafter it decreases (sometimes iInsig- 
nificantly) to a lower value immediately before block 
The increase toward the maximum probably 
going into 


al tap 
occurs during the period when lime 1 
olution in the slag and appears to be independent 
rate of carbon removal. The maximum hy- 
related to the rate of carbon 


ignificant 


droge... content itself 1 
removal. In a somewhat similar but le 
manner the hydrogen content at the end of the refin- 
with increasing rate of carbon 
removal. Approximate that, 
with certain possible exceptions, the increase 1n 
hydrogen resulting from additions may be ignored 


pe riod decrease 
calculations indicate 


The following conclusions have been reached a 
the result of a controlled experiment in the basi 


open hearth 


1) The water content of the furnace atmosphere 
the major source of hydrogen in the bath 

2) The replacement of steam by air for atomiz, 
ing the fuel will result in significantly lower hy 
drogen contents in the bath 

4) The degree of oxidation of the bath has an 
important influence on the hydrogen content 

1) An approximate expression of the combined 
influence of the water content of the furnace atmos- 
phere, the slag basicity, and the degree of oxidation 
of the bath on the hydrogen content of liquid open- 
hearth steel i 

108 - H,O 


FeO, 


where H is the hydrogen content of the bath in ppm 
4 is the slag basicity, H.O is the water in the furnace 
atmosphere in pet by volume, and FeO, is the total 
of iron oxide FeO in wt pet 

There 1 
carbon removal by itself influences the removal of 
hyd n from the bath, although it would theo- 
retici y be expected to do so. The data do not in 


between temperature and 


in the slag expressed a 
no evidence to indicate that the rate of 


corre lation 
content 
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The following honors will be con- 
ferred at the AIME Annual Banquet 
on Wednesday, Feb. 19, 1958, at the 
Waldorf Astoria Hotel in New York 

Gold Medal to 
For distinguished 

proce metallurgy 
melting and refining 

metallurgical im 
recovery 


James Douglas 
J. R. Gerdon, 
contributions to 
in the field of 
of nickel and 
provements in nickel 

William Lawrence Saunders Gold 
Medal to William J. Coulter. Cita 
tion to be announced 

Charles F. Rand Gold Medal to 
John F. Thompson. Citation to be 
announced 

Anthony F. Lucas Gold Medal to 
Carl Ernest Reistle, Jr., “for his dis 
tinguished achievements in advan 


ing the science of Petroleum Engi 
neering through his own technical 
contributions and his ability to in 
pire other for his forward con 
cepts and his untiring energy in ad 


ion of Petroleum 
admin- 


vancing the profs 
Engineering as a practitioner 
istrator, and executive.” 

Robert H. Richards Award to Fred 
D. DeVaney, “for his contributions 
to grinding, concentrating and pel 
letizing; and for his direction of re 
earch metallurgical engineering, 
and development of methods, for 
taconite beneficiation.’ 
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AIME Awards for 1958 Presentation Announced 


Robert W. Hunt Medal to G. W. 
Healy and D. C. Hilty. Silver medals 
for paper Effect of Oxygen Input 

(Continued on page 1550) 


AIME Employe Honored 
By Board for 37 Years 


Service at Institute 


The AIME Board of Director 
the Institute staff took opportunity 
at the meeting of the Joard o1 
November 18 to honor Grace Town 
end Ferry—37 years with AIME 

First employed under’ Bradley, 
Stoughton AIME Secretary fron 
1913 to 1921, Mrs. Ferry 
the growth of the 
$386 members to its pre 
than 31,000 members and stu 
and the attendant diversifi 
AIME to its present eight 
three Councils oper 
three constituent so 


and 


memori 
Institute 
ent 


pan 
from 
more 
dent 
cation of 
Divi 
ating 


ions and 
through 
cietle 

Mr Ferry who lives in Pawling 
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to thrive on it 
time for her hobby 
from which 


color to the 
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erage of an and a 
work for years, but 
and still 
garden 
add a 
office 


he seem 
find 
bloom 
touch of 
reception area 


he! 
often 
AIME 


after thirty-seven years of 
RESOLVED, that the 
Ferry, for her loyal 
Institute during her 

of Director 
ner in which she 
involving confidential 


and faithful 
entire 


appreciate 


matters 


November 18, 1957 


Resolution in Honor of 


GRACE TOWNSEND FERRY 


(orace 


of the American Institute 


The f wing re ition to honor 

ry t } of tr AIME Board of Direct 
WHEREAS, The Board of Director 
Metallurgical, and Petroleum Engineer 
Ferry will retire November thirtieth 


devoted 
of Director: 
ervice a 
period of employment 


ervice 


particularly the una 
carried out the dutie 


Townsend Fer ted at the 


m Nov. 18 


wo 
1957 

of Mining, 
Townsend 
fifty-seven, 


that Grace 


take 


Nineteen 


note 
hundred 


Grace Townsend 
File Clerk for the 
and that the S0ard 
uming and effective man 
of this vital position frequently 


commend 
Chief 


GROVER J. HOLT, President AIME 


The Metallurgical 
Society Prepares For 
1958 Annual Meeting 


The Metallurgical Society will hold 


its first coordinated technical meet 
ing during the AIME Annual Meet 
ing in New York, February 16 to 20 
Headquarter hotel will be the 


Sheraton-McAlIpin Broadway and 
St., New York 
Education Meeting 
A ymposium on metallurgical 


will be held on Sunday 
February 16. This is un 
ponsorship of the Ed- 
and the Commit- 
Profession, 


manpowe!l 


afternoon 
der the joint 
ueation Committee 
tee on the Metallurgical 
both committees of The Metallurgi 
cal Society. Under discussion will be 
a report on the formation and initial 
activitie of the me Metallurgy 
Ceram Foundation under the 
ponsol hip of The Metallurgi 
AIME, ASM, Ameri 
and the National 
Foundation. Par- 
will include 
chairman of the Spe 
Manpowet! for 


oint 


cal Society of 


Ceramics 
Science Teachet 
ticipants in the 
G. A. Robert 


cial Committee on 


can 


program 


the Metallurgy and Ceramics Pro 
fe ion: Hioward A Me yverhoff, 
ecutive director, Scientific Manpower 


W. E. Mahin, executive 
Special Committee on 
Manpower, and Chairman of Schol 
arship and Adult Approach Study 
Group; and W. R. Hibbard, Jr 
chairman, Secondary School Ap 
proach Study Group 

It is planned that 
three constituent societies of 
hold thei 
tion on 
all three 


Commission 


ecretary, 


each of the 
AIME 
own conference on educa 
afternoon, and that 
together on 
Sunday evening for dinner at the 
Statler Hotel, followed by a meeting 
ponsored by the AIME Council on 
Education 


Sunday 


ocietie join 


Extractive Metallurgy Division 
The Extractive Metallurgy Divi- 
ion has planned an active program 

of 14 ses during the AIME An 


nual Meeting. Sessions will be held 


on 


(Continued on page 1551) 
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Mathewson Gold Medal, recipient 


AIME Awards 
Robert Peele Memorial 
gy to the Discovery of 


J. Johnson, Jr., Award to R. H. 


Mineral Industry Education Award 
Charles Elmer Lawall, 


Student Prize Paper Contest 


sate and Gradua 
Entry Deadline Date—Sept. 1, 1958 


Topics: Mining, Metallurgy, and Petroleum 


Limited to AIME Junior Members and Student Members 


Student Chapter 


niversity of Nevada 
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Extractive Metallurgy Division 
Award to John N. Ong, Jr., Milton 
E. Wadsworth, and W. Martin Fas- 
sell, Jr., for paper Kinetic Study of 
the Oxidation of Sphalerite JOURNAI 
Me TALS Fe oruary 1956 pp 257- 


263 


Benjamin F. Fairless Award to 
Hjalmar W. Johnson, a Lifelong 
contributor to the science and opera 
tion of the blast furnace, a leader in 
civic affairs and in the engineering 


profession.’ 


John Fritz Medal to John Robert 
Suman, 4 Pioneer in the applica 
tion of engineering principles to the 
aevelopment, productior ind con 
ervation of petroleum and natural 
gas; author; industrial tatesman; 
and one who takes a keen interest 
and real pleasure in inspiring men 
to make the most of their talent 

The award is made by the John 
Fritz Medal Board of Award, com 
posed of representative from four 
ocieti ASCE, AIME, ASME, and 
AIEE. The 


iven for no 


itific or industrial achieve 
ment” and the recipient chooses the 
ociety of nil choice a ponsol for 
presentation. Dr. Suman has select 
ed AIME and presentation will be 
made at the AIME Annual Banquet 
Feb. 19, 1958 

Hoover Medal to Scott Turner, a 
‘Distinguished Mining Engineer of 
international experience and repu 
tation, who ha erved his country 
and his profession in times of peace 
and wat itive in technical, con 
ervation, and relief work, in pro 
moting sound engineering practice 
and ethu and the ense of public 
responsibility 

The Hoover medal is awarded by 
the Hoover Medal Board of Award 
for distinguished public ervice by 
an engineer, The Board is composed 
of representatives of four societie 
ASME, AIEE, ASCE, and AIME. It 
will be presented to Mr. Turner at 
the AIME Annual! Banquet on Feb 
19, 1958 

Percy Nicholls Award to John 
Blizard: “In recognition of the out 
tanding achievement of JOHN BLI- 
ZARD in the field of solid fuels, the 
Fuels Division of The American So 
ciety of Mechanical Engineers and 
the Coal Division of The American 
Institute of Mining Metallurgical 
and Petroleum Engineers confer up 
on him The Per Nicholls Award 
for 1957 

“He has made many contribution 
to advance the practice of radiant 
Superheatet pulverize! design 
foreed-circulation steam generator 
ind related field 

‘A Fellow of The American Soci 
ts of Mechanical Engineer he ha 
contributed his time generously to 
the work of the technical societi 
A core of patent ind almost fifty 
technica pape! have come from hi 
WOrkK 


Z Lea Ore e wW Tili- 
nois-lowa District. ENGINEER 
White, “for | contribution in ob ING, August 1955, pp. 761-795 
taining record production rates on rhe award presentation will take 
blast furnace nd, also, } ibstar place it the MGGD Luncheon on 
tial contribution to a practical pros Wednesday. Feb. 19. 1958 
‘ of desulfurizing hot metal whicl 
larger production rate to 
outstanding ichievement an en 
: Kossiter W. Raymond Memorial ineering teacher and university ad 
Award to R. J. Charles, for pape: ministrator; and for his continuing 
Fnergu-Size Relationshy im Com interest in the probler of mineral 
F minution. MINING ENGINEERING, Jan engineering education during hi 
j 19od, pp. 60-86 eal as Railroad Executive 
Exploration @ Production @ Engineering @ Research 
Contact your me, Chapter Counselor 
ection in your area, or Prof. John Butler 
Reno, Nevada 
‘4 
4 (Contu ied on page 1552 
1550 


Dues Bills to be Mailed 


Notice is hereby given that dues 
for the year 1958 are payable Jan. 1, 
1958, as follow Members and As- 
ociate Members, $20; Junior Mem- 
bers for the first six years of Junio! 
Membership, $12, and_ thereafter, 
$17; Student Member 
an annual ibscription to a m mnthly 
journal), $4.50 

Dues bills will be 


(including 


mailed in Dec- 
Prompt payment will 
assure uniterrupted receipt of the 
publications desired in 1958. If, for 
received 


head- 


ember 1957 


any reason, a bill is not 
within a reasonable time, 


quarte! hould be notified 


Annual Meeting 


(Continued from page 1549) 


on zine, lead, bismuth, and cadmium; 
copper; Utanium, rare earth rheni- 
um, beryllium, and thorium; ura- 
nium; aluminum and_= wrefractori 
cobalt and refractories; molten salt 
the physical chemistry of sulfide 

ten and the physical chemistry 
of ternary systems. In addition, EMD 
is planning two sé ions to be held 
jointly with the Minerals Beneficia 
tion Division, Society of Mining En 
Linec! of AIME The e are on hy 
drometallurgy and on thickening 
filtration and flocculant 


A most enjoyable annual feature 
of the EMD program 1 the tag 
luncheon. This year the luncheon 


will be held in the Crystal Room of . 


the Sheraton McAlpin Hotel on 
Wednesday, February 19 At that 
time, the retiring and incoming Di- 
vision chairmen and a guest speaker 
will addre the Plan for 
the technical program are being ar- 
Albert E. Lee, Jr., chair- 
Papers and Progran 


group 


ranged by 
man of the 
Committe 


Institute of Metals Division 
The Institute of Metals Division | 
planning to schedule 14 sessions dur 


ing the AIME Annual Meeting. The 
High-Temperature Alloys Commit 
tee l ponsoring two ‘ ion on 


Processing of High-Temperature Al 


loy The ymposium will include 
contributed papers on melting, cast 
ing vyorking, and heat treating of 
high-temperature illoy and the 


relationship betweer these 
properts In 


ummari¢ 


proce 
ing operation and 
addition hort research 


vill be presented by a number of 


author 


Chemistry of 
arranged a 
Impul re 


Physi and 


Committe ha 


The 
Metal 
one-day ymposium on 
Loading for the Annual Meeting 
The ymposium will include three 


lectures by invited speakers in the 


morning and short contributed pa- 
pers in the afternoon. The metallur- 
gical and physical point f view in 
the field of high- 


peed pre ing will 


be emphasized, rather than the me 


ummaries in 
include such 


chanical. The research 
the afternoon will 
yielding, shock- 


topics as delayed 

wave phenomena, dislocation at 
high peed train-raté effect at 
high strain-rate and fracture phe- 


nomena 

Research seminar and research 
ummaries are planned, based on the 
ion of abstracts to the IMD 
Committee, for which the 
deadline date is November 15. Thi 
IMD Lecturer is Alan H 
Cottrell, deputy head of Metallurgy 
Div., Atomic Energy Establishment 
Harwell, England. His address on 
the Theory of Brittle Fracture in 
Metals will be given on Wednesday 
morning, February 19 


Program 


year the 


Iron and Steel Division 

The Iron and Steel Division thi 
year i inaugurating a Division 
luncheon that will be held on Tue 
day, February 18, at the Sheraton 
McAlpin Hotel. All members of ISD 
ittending the AIME Annual Meeting 
are cordially invited to attend. Fea 
tured 
be Tom C. Campbell, editor-in-chief 
of The Iron Age 

The luncheon will follow immedi 
ately after the Howe Memorial Le« 
ture to be presented by Max Gensa 
mer of Columbia University 

ISD is planning to hold 
technical session One of these will 
be a session held jointly with the 
Minerals Beneficiation Division of 
the Society of Mining Engineers of 
AIME on the ubject of Pyrolysi 
and Agglomeration. It is planned to 
present papers on the beneficiation 


peaker on this occasion will 


even 


of low-grade tron ores by direct re 
duction, and the beneficiation of high 
ulfur and high phosphorus tron 


research 


The Metallurgical Society Dinner 

The annual dinner of The Metal 
lurgical Society will be held in the 
ballroom of the Sheraton-McAlpin 
Hotel on Tuesday evening, February 
18. At this time, awards will be 
presented to winners of the J. E 
Johnson, Jr., Award, Robert W. Hunt 
Meda! Award, and the Mathewson 
Gold Medal Award 


Triangle Cruise 

Immediately following the Annual 
Meetings a triangle 
Queen of Bermuda ha 
The trip will include 
muda and Nassau. The hip will 
leave New York on February 21] and 
return March 1] 


cruise on the 
been planned 


top it 


1958 AIME Officers 


At the November AIME Board of 
Director Meeting, the officers of 
AIME for 1958, and five other Direc- 
tor named to take office for three- 
year terms in that year, were offi- 
cially declared elected. They are as 
follow President-Elect Howard 
C. Pyle: Vice Presidents and Direc 
tor A. W. Thornton and J. C. Kin 
near, J! Directors E. A. Jone 
S Michaelson B Pp Kantzer 
J_P. Hammond, W. R. Hibbard, J1 


AIME 
BOARD OF 
DIRECTORS 


Recent actions token by the 


Institute Board of Directors 


®& Nathaniel Arbiter has been reap 
one of the AIME repre 
Engineering So 


Committe He 


pointe da 

entative on the 
rote Monograph 
vill serve a four-yeal 
ning October 1957 


term begin 


& It was voted that the same price 
hould apply for AIME Transaction 
and the Journals (JOURNAL or Met 


JOURNAL OF PreTROLEUM Tech 
NOLOGY, and MINING ENGINEERING) In 
1958 a were in effeet in 1957 


& The Four Corners Petroleum See 
tion of AIME was established with 
the proviso that the Bylaw: Arti 
cle IV, Section 1, be changed 


& The California Coastal Section of 
AIME was established with the pro 
vi that the Bylaw Article I; At 
ticle III: Article IV, Section 1; and 
Article V, Section 3 be changed 


& Nicholas M. Lazar was appointed 
to represent AIME President Grover 
J. Holt at the ASME Seminar of 
Education held in De 


troit on Nov. 7 and 6, 1957 


Committe 


& The Koard wa informed that 
the El Paso Metal AIME 
had voted unanimously on Oct. 11 
name to El Paso 


Section 


1957, to change it 
AIME 
recommendation of the 
Metallurgy 
IMD. The Metallurgical Society of 
AIME, Frank Rough Jattelle Me 
morial Institute, has been appointed 
to replace J. H. Frye, Jr., a AIME 
repre entative on the Atomic 
Panel. Mr. Frye had re 


Section 


On the 


Nuclear Committe of 


Energ 


igned 


Engineers, Inc. 

The regular Annual Busine 
T af day 
Institute Se 


afternoon, the 18th da 


To the Members of the American Institute of 
Mining, Metallurgical, and Petroleum 


Meetir 
February 19548 following the All 
ion at the Annual Meeting of the Institute in New York 


‘of the Institute will be held on 


DECEMBER 1957, JOURNAL OF METALS”. 


1551 


3 

ans 

x 


4 


e The R i Center of Interna 
i Tachine Corp at 
Poughkeepsie, N. Y Na ited by 


the Physical Metallurgy Group, New 
or October 16. Fol 
owl i tour of the laboratorie 

thie IM} 


rf ectio or 


mber attending 


auditorium by 


thur LL, muel, re dent manager 
the Hesea Center 

With John | Felloyv erving a 

f eremonic rious di 

ere introduced 

VhOo explained ore of the prob 


in de 


ve loping bet 


fey pute md other busine 
Ralph W Landauer di 
ed diffraction, lattice I 
tier ‘ miun and ferro 
ect t ‘ our P. Keller de 
bed the tudy of strontium sul 


le as 4 phosphor: James M. Brown 


told of research on 
‘ fev te ind rele crystal 
wth ind Geoftre Brock di 
issed research on 
ermaniult mn trar tor for com 
putor cireurt Most of the itern 
i issed the orientation lee 
turer have been described in the 
‘ t fou rT of the ne publica 
tien IHMM J nal of Research and 
\ffer dinner in the TRAM eafeteria 
the ¢ lecture presented 
Dun Caeneral Electric 
( , on Perfection of Primary 
j Cocand Recrystallivatior 


AIME Awards 


nf from page 1550 


I n f ind encourape 
t of neers has great! 
heal t) ‘ f all who have 
had th od fortune t know him 
We | loved to honor hin 
eptior ly fi mentist, en 
mid te i enerous teach 
we neomparabl vorthy vet 
| iti 
i iad presented to Mr 
ind oat the recent CIM-ASME 
\IMI Pus Conference in 


Danie! C. Jackling Award to Ab 


bott H. Shoemaker, “for leadership 
ne Operation resulting 
ny fit mder a fixed gold price in 
prite f inflationar cost ind for 


Deep M 


Mi Kel Vil deliver the 
following the 


lintel 

MGGD Luncheor on Wednesday 
Fel 1% 19 The award presenta 
take it the Luncheon 


Cottrell 


\ certi te llan H 
Institute of Metals Division Lecturer 

A certificate t VJ or mer 
Howe Memorial Lecturer for 195! 


OF 
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Co 
by 


Indian 


Conn 


e The 

September 24 for a 
Fafnis Jearing 
Conn followed 
dinner at the 

(‘lub Newington 


tured after-dinner 

Henry Hubbell, chief 

Fafnir Bearing Co., who 

Special Materials and 

tion for Bearing Applications 
On November 26. the 

for dinner on student 

Town House in New 

\ talk, Problems in Nuclear 

lurgu wi given by 


peaker, K. H 
itv of Rhode I 


(;suest night wa 
ng of the 
October G9 at the 


Matr 


land 


held 


peaker 


Connecticut Section 
plant 

Newington 
cocktail 
Hill 


on 
to 


and 
Country 
fea 


wa 


metallurgist 


Their 


at 


San Francisco. The gue 
i Walter T. Selsted 
research Ampe x Corp 


on Technical an 


of \ deo Tam 


e The fall 
Lehigh 
xtober 25. afte 
Hotel Traylor 
featured spe 
i tant 
Pennsylvania 


talk 


itor 


vho a 


lems man 


d 


dinner 
Valley Section 
cocktails, 
Allentown 

John 
engineer 


por 
Power 
on Corrosion 
1fomic 


Economic 


Va 


Vey 


Por 


elopment Program 


AIME Lists Class Of 
1958 Legion of Honor 


AIME 
those 
have 


Each year at 


of the Institute 

iusl 

for 50 years are 
The ume 

table a uests o 


ded to the 


of Honor. Those 


the 
Banquet in February 


f 


member 


vho 


ven 


Recordings 


oer 


Section 
night 
Haven 


of the 


ed 


Selec- 


met 
the 
Conn 
Metal 
guest 
Univer 


meet 
San Francisco Section, on 
Engineer: 


in 


peaker 


director 


of 


who ¢ poke 


meeting 


Aspect: 


the 


on 


the 
The 
F. West 
for 
Co 
Prob 
Plant De 


Annual! 
member: 
contin 
maintained their membership 


pecial recog 


eated a 


AIM 


who 


E ind 
hip of the 

will 
a follow 


thi tatus in 1958 are 
Harry C Dudle y 
Duluth, Minn 
Edeler 


Michael H 
Gold 

Butt I 


Kury 


ich 


Fla 


head 
ad 
Legior 


achieve 


Moran 
Calif 


Robert B 
Pasadena 
Desaix B. Myer 
Pasadena, Calif 
H R Robbins 
Honolulu, Hawau 
Howard L. Smith 
Washington, D.C 


Letters from these men give some 
indication of what membership in 
AIME for 50 years has meant to 


Some of their comment 


were 


them 


happy over 
able to con 


of the In 


I now feel very 
the fact that I wa 
tinue as a member 


titute for 50 year during 
which time my membership in 
the Institute has been a very 
happy connection and has been 
the mean of giving me an 


enormous amount of informa 
tion.” 

“T have enjoyed all of my fif 
ty years of membership not on 
ly profe ionally but also for 


the many happy a 


George R 
pre ing hi 


ociation 


Jackson, in a letter ex 
appreciation for the 


honor, commented It may interest 
you to know that on glancing over 
the list of member vho have been 
elected to the Legion of Honor I 
found that the first name—that of 
Harry C. Dudley—was well known 
to me, as I gave him his first job af 


fron chool’ 
plea ure it 
friends in thi 


ter hi praduation 
Other 


the inclusion of 


mentioned thei 


year’ cla A W Edelen tated 
that he noted hi good friend 
Harry Dudley and Mike Kuryla are 


also of the 1908 Cla De ix B 
Myers mentioned both the value of 
his membership and old friend 


My membership in the AIME 
has been helpful to me profe 
ionally by keeping me abreast 
of progr in technology, and 
because of the many fine 
developed through 
the Institute. In this regard I 
am delighted to see that my old 
friend Bob Moran is a fellow 
: mate’ and will receive hi 
with me.” 


also 


association 


cla 
In ignia 


Member of the 
of Honor expre 


1908 Cla Legion 


have ed their hope 


to be able to attend the Annual Ban 
quet at which time formal presenta 
tion of the Insignia will be made 


The Insignia consists of a gold lapel 
engraved with the man’s name 
ed by an engrossed 


pin 
and is 
certificate 


accompat 


New York Group Will 
Visit Nutley Center 


meeting of the 
ical Metallurgy Group New 
Section, will be held on Wednesday 
Jan. 15, 1958 The Fe 
munication Laboratori« n Nutley 


N. J., will be hosts to the 


The January 


aerai 


Donne! F. Hewett 
i noatH Menlo Park, Calif 
Baring Horwood 
; London, England 
Ch ree R. Jackson 
Ishpeming, Mich 
nforth 
tana on 


this occasion. Robert M. Fisher of the 
U. S. Steel Corp., Monroeville Re- 
search Center, will present a talk in 
the evening on Applications of Elec- 
tron Optics in Metallurgical Re- 
search 

The speaker, a physicist from the 
University of Michigan, has been en- 
gaged in the applications of X-ray 
and electron optical techniques to 
problems in metallurgy and solid 
tate physics ever since he joined the 
Kearney (now in Monroeville, Pa.) 
Research Laboratory of the U. S 
Steel in 1949. Part of his work in 
the past years has been devoted to 
constructing one of the first electron 
probe microanalyser to be built in 
the United States. Bob Fisher, the 
author of 11 papers, is a well recog- 
nized authority in this field, having 
been honored with the chairmanship 
of the ASTM Subcommittee XI on 
Electron Microstructure of Metals. At 
present, he is a director of the Elec- 
tron Microscope Soc. of America and 
president of the Pittsburgh Optical 
and Electron Microscoptical Soc 

The Federal Telecommunication 
Laboratories are a division of the 
International Telephone and Tele 
graph Corp. and boast as the cen 
tral building of their research cen 
ter the startling oval tower, which 
catches all eyes in its attractive 
parklike surroundings on the bank 
of the Passaic River in Nutley. The 
taff of the laboratory, which com- 
prises 2400 people, has arranged sev- 
eral interesting demonstrations 
which will be shown members who 
participate in a_ special tour be- 
ing arranged for the afternoon. This 
laboratory employs solid state physi- 
cists, electronic engineers, chemists, 
and mechanical engineers to develop 
special devices for use in the ever 
broadening field of communication 
As hosts, they are also making ar- 
rangements for the dinner which will 
precede the evening lecture’ by 
Robert Fisher in their conference 
hall 


NOHC Section Meeting 
Held in Columbus 


Close to 200 registrants gathered 
at the Deshler-Hilton Hotel in Co- 
lumbus, Ohio, on October 18 for the 
Zist annual conference of the South- 
ern Ohio Section of NOHC 

Leo Reinartz, one of the most 
famou teelmakers from that area, 
opened the meeting by tracing the 
first century of steelmaking in this 
country and noting some of the new 
processes that will be figuring in the 
next 100 year 


The morning operations session 
was devoted to a re-evaluation of 
charging layout and practice. Speak 
er included R K Thornberry 
Acme-Newport Steel; R. W. Lewry 


Detroit Steel; and T. J. Murray, Ton 
Burney, Mac Sample, and W. C 


Jack, all from Armco. The session 
wa under the 


chairmanship of 


O. V. Ireland, Armco; and A. W 
Meihack, Empire Steel 

The afternoon session, which had 
R. K. Thornberry and T. J. Murray 
as chairmen, was devoted to open 
hearth practice. C. W. Gravens, Re- 
public Steel, reported on the sprung 
basic roof, noting that while the cost 
is higher, advantages of this con 
struction indicate that silica brick i 
on its way out 

Tom Moore of Armco, speaking on 
tap-hole maintenance, stressed that 
proper maintenance would give not 
only longer life, but also better man- 
ganese efficiency. F. E. Williams, 
also of Armco, spoke on instrumen- 
tation and maintenance of bath im 
mersion thermocouples. Important 
here were education of those using 
the equipment and careful avoidance 
of waste of the platinum and other 
expensive components 

Two special survey reports were 
presented. The first, on auxiliary 
equipment maintenance, was given 
by J. W. Flowers of Armco. Wide 
diversity seems to be the charac 
teristic for both methods of material 
movement and maintenance. The 
other survey report, delivered by 
Charles Hesselman of Acme-New- 
port, was on the subject of brick 
salvage, and noted that savings of 
$200,000 annually may be saved by 
large plants using proper salvage 
methods 

The annual dinner, presided over 
by M. F. Yarotsky, National Chair 
man of NOHC, featured David Guy 
Powers, prominent author and psy- 
chologist from Queens College, New 
York. Dr. Powers, in a talk that was 
both entertaining and _ instructive, 
discussed the problem of getting 
one’s ideas across, stressing that per 
suasion is only accomplished by let- 
ting the other person think the idea 
is really his own, and that the idea 
has to be expressed in terms of the 
person who is to carry it out 

The following day many of the 
registrants enjoyed the Ohio State 
Indiana football game as guests of 
the suppliers 

The NOHC Southern Ohio Section 
is under the chairmanship of 
P. G. Sammet, R. K. Thornberry i 
vice chairman, and O. W. Morri: 
is secretary-treasurer 


NOHC Eastern Section 
Holds Annual Meeting 


The NOHC Eastern Section held 
its annual meeting on Friday, Octo 
ber 11, with 302 registrants in at 
tendance. For the first time, thi: 
meeting was held at the brand new 
Sheraton Hotel in Philadelphia. The 
day’s activities included technical 
sessions in the morning and after 
noon, and a dinner in the evening 

After opening remark by the 
chairman, C. D. Moore of G. & W. H 
Corson Inc., the award-winning pa 
per on Hot Top Material—A Gas 
Study in Material Handling was read 


DECEMBER 1957, 


by Wallace F. Low at the John A 
Roebling’s Sons plant of Colorado 
Fuel and Iron Corp. A panel discus- 
ion on Cutting Steelmaking Costs 
was conducted with Harry Davis of 
tethlehem Steel Co. as moderator 
Participating in the panel discussion 
were H. W. Potter, Lukens Steel Co.; 
J. E. Deegen, Bethlehem Steel Co.; 
Howard Parker, United States Steel 
Corp.; Nicholas Ivanoff, Harrisburg 
Steel Corp.; J. A. Petroskas, Phoenix 
Iron and Steel Co.; Harry Tear, 
Washburn Wire Co.; and William S 
Webb, Colorado Fuel and Iron Corp 

After a group luncheon, the afte 
noon session was convened by the 
chairmen, Gardner Blythe of Colo 


(Continued on page 1554) 


Southwestern Steelmen 
Convene in Houston 


The Southwestern Section of 
NOHC met in Houston for the first 
time in seven years on October 3rd 
and 4th with an enthusiastic attend 
ance of 225 open hearth engineers 


from Alabama, Colorado, 
Missouri, Texas and Mexico A 
special train brought delegates from 


St. Louis, while others descended on 
Houston's Shamrock Hotel by air 
and automobile 

Thursday, October 3rd, brought 
delegates on a tour of the integrated 
Sheffield Div. plant of Armco. They 
aw the plant’s recently installed ore 
bedding-sintering plant as well a: 
its open hearth and electric furnace 
shop it blooming/slabbing mill, 
the plate mill, merchant and struc- 
tural mill, and the wire mill. A 


outhern chicken fry was offered by 


Sheffield on table: pread under 
moss-covered trees in the 90° sun 
Seven technical papers plus open 


floor discussion occupied the dele 
gates on Friday. A report was pre 
ented on CF&I's oxygen treatment 
of pig iron as it flows in a runner 
from the blast furnace. A compari 
son was made between the open 
hearth and the furnace 
their capital and operating costs, as 
well as their place in the develop 
ment of the steel industry. A con 
siderable floor discussion of the oxy 
gen lance in the open hearth ensued 
and the afternoon session included 
pouring practice high 
firing, and a question 
hearth brick con 


electric 


paper on 
pre ure a 
naire on open 
umption 

A convoy of buses 
awaited conclusion of the session to 
transport all to the Turning Basin 
boarded a boat for 
a tour of the Houston port and the 
hip channel. Firmly anchored by 
the old war hip Texas a cocktail 
hour and deliciou eafood dinner 
followed at historic San Jacinto Inn 
The fellowship, technical reports 
and Texa hospitality made the 
meeting a memorable occasion for 


all 


Greyhound 


he re de le vate 
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NOHC Eastern Meeting 


(Contin 


ued trom page 1553) 


ina lror Corp anda 
n of tandard Steel 
RK. Russell Fayle of Luken 
! ( presented i report n 
hee Plant i hurope H int 
of mpre of ome 35 
t plant ted in nine Europear 
ty it ‘ treryve 
tion 1 inch of Europear 
| it the results of 
if en i f i in 
tallation of stear boilers on open 
hearth furnace door prefabricated 
t fe tiltor furnace new 
ella-type hot tops in Sweden 
it hot top cost root oxypen 
nes to shorten heat time by one 
ind large basic roof furnace 
t int t the poor quality of 
huropear lie brick 
Phe se d pay I W. J. Flynn 
f United tat teel Corp., Gary 
ribed Contribution of Bath 
Temperature Cont to Improved 
Open Hearth Production Rate By 
ofa ther couple taking read 
fi spoon immersed in the 
open hearth batl complete control 
of heats maki over 0.20 pet C 
i ntroiled completel 
fror melt ak ! to tap These 
ivantaue have been obtained 
iter fuel econon mecreased 
productior better quality 
teal ind decreased cost of refrac 
torte 
The third paper, by H. M. Parker 
Armee teel Corp jutler, Pa 
deserihbed The af a yuper 
Charger 1 ncerenase the rate f 
i? ip t} fury ct 
rhrouw use of the Calderon ter 
ale ered bulk ina nele 
replact eight tandard pan 
t} | ther fted | 
net rite pecial hopper 


throupl vhich the crap passe inte 
hier pu f to the 
fu wert Not nl ean rap be 
charved 1 re quickl by thi 
ter but the operation f neart 
furnace not blocked by the pre 
ence of chart nu 
Ralph indstre United State 
tec! Corp., Fairl Hill Pa., de 


bed The Use of a Continuon 


Oxvugen prey Through the de 
lopment a ton a“ 
inn er, U.S. Steel ha 
ised = opi tion f teel at 
educed thout increa neg open 
hearth capacit Ir other 
benefits have od f increased 
refractor life and better fuel utili 
ition, The final paper on Rapid 
race Rel ld pre ented by 
\. Vo Leun, Bethlehe Steel Co 
D. Moore presided at the din 
ner in the evenir In addition to 
list ind entertainment courte 
of active ipplier committe 


chairmaned by R. L. Batteiger, per 
tinen remarh vere made by 
MF Yarots} chairman of the Na 
tional Oper llearth Steel Con 
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ind H i 
Be tee! Half a Cen- 
tury of Stee 
Plans Are Announced 
For Steel Conferences 
In Cleveland In April 

Advance plat nave been made 
for the combined Conference for 
the Jationa Open Heartl Steel 
Committee and for the Blast Fur 
nace ( Ke Oven ind R Mate 
ial Committe to be neia in 
Cleveland, Apr. 14 to 16, 1958, at 


open ith a ustory of 
tes by Leo F. Reinartz, a 
Past-President of AIME ind an 
organizer of NOHC. On the opening 


day, pape vill be presented on 


Charging of Cold Metallic at the 
basic operations session, and on sul 
fur removal and casting technology 
at the ession on acid operation 

Other technical se ion vill be pre 

ented on refractori ind masonry 
operating metallurgy cold metal 
and basic foundry practice opera 
ting and combustior ind a peciai 
ession organized by the Iron and 


Steel Division Physical Chemistry 
of : teow in i? 
damental oft the 
Proce 

The 


rence wil 


open ith a Practice ession with 
papers on oxygen use in the blast 
furnace, present trends in design in 
the blast furnace, or fractori it 
the stockline, and on high-moisture 
blast. Other sessions will be held on 
recent blast furnace development 
raw material wind burder yprod 
uct coal preparatior and coke 
The concluding session on Tuesday 
afternoon, April 15, will be a joint 
‘ on of interest to both blast fur 
nace and coke oven operators and 
ill include papers on iron coke 
history of blast furnace over the last 
forty eal ind a panel discussion 
of effect of blast irnace perform 
nee 

The final da of the Cont ‘ 
vill feature a trip t the Cleveland 
Works of Republi teel Corp. Loca 
ira ment for th t 
ference are bet made le 

er, Republi eel Corp. ¢ ve 
land, as Chairman of the Local Ar 
rangement Committers Phe pi 


im for the Open Heart Confer 


ence has been developed under the 
leadership of Mich | otsk 
chairman of the Nationa Oper 
llearth Steel Cor ind 
Charl M. Kay, chairman of the 
Progratr Committe Ihe Blast 
Furnace technica ‘ t have beer 
chairman of the Blast Furnace, Coke 
Over and Raw Mate C‘ommiut 
tee, and James B. W taff chairmayr 
of the Program 


PERSONALS 


Donald N. Rosenblatt, chief metal- 
lurgist for the American Foundry 
Machine Co division of the 
Eimco Corp. in Salt Lake City, ha 
on top honors in the third prod- 
uct development contest sponsored 


by the Steel Founders Soc. of Amer- 
ica. He received a $1000.00 cash 
award and a gold certificate for his 
winning technical paper, Use of 
Steel Castings in Mining Equip- 


ment 


Donald L. Colwell ha 
vice president in charge 


been elected 
of labora- 


tories and research for Apex Smelt- 
ing Co., Chicago. Mr. Colwell, who 
has been associated with the com- 


12 year recently gave a 
talk on “Aluminum and Zinc in the 
Die Casting Process” at the Chicago 
chapter of the Soc. of Die Casting 


Engineer: 


pany for 


Hosur S. Rao is now associated with 
the Allegheny Ludlum Steel Corp 
Watervliet, N. Y 


Frederick A. Sotok has recently been 
assigned to New York University 
New York, for nine months by the 
U.S. Air Fores 

Robert G. Shepheard 
lurgical engineer in the R&D Sec 
tion of Electric Boat Div., General 
Dynamics Corp., Groton, Conn 


now a metal 


Morris W. Mote is now associated 
with the Denver Research Institute 
University Park, Denver 


Sheldon Weinig, formerly assistant 
professor at New York University, 
New York, has joined the Materials 
Research Corp., Yonkers, N. Y 


Allen E. Martin is now employed b) 
the chemical engineering div. of the 
Argonne National Laboratory, L« 
mont, I) 


currently working 
Laboratori mn 


Saaremaa | 
for the Aluminum 
Kingston, Ontario 


joined the Chino 
Hurley N. M 


J. R. Suazo ha 
Mines Division in 


J. M. Short | now serving in 
the Mat/Oils Section, Engineer-in 
Chief Dept Admiralty, Foxhill 
Jath, England 


James Lommel is now assciated witt 
the General Electric Rese: 
Schenectady, N Y Mr 
formerly with the Gor 
Laboratory Harvard 
Mia 


oratory 
Lommel wa 
don Mi Kay 
University, Cambridge, 


John R. Perkins has been appointe d 
issistant to the president in charge 
iarket development for Me 


ll Co. Inc., Cleveland 


of n 


Dowe 


Anton F. Mohrnheim, previously 
with Leach & Garner Co., Attle 


boro, Mass., is now associated with 


the latier Hotel 
The One learth Conference will 


the College of Engineering, Univer 
sity of Rhode Is!and, Kingston, R. I 


L. W. Moore has been appointed as- 


sistant general manager of Wheel- 
ing Steel Corp’ Stubenville, Ohio, 
works. He formerly was assistant to 
the general manager, utilits and 


development 


Gustave Laub, vice president and 
director of Vandium Corp. of Amer- 
ica, New York, is now administrat- 
ing and coordinating the activiti 
of the company’s tech- 
nical divisions dealing com- 
mercial affairs 


and 
with 


selling 


Lee F. Weitzenkorn, formerly Armco 
Steel Corp.’s works metallurgist at 


the Baltimore Works, has now been 
promoted to assistant to the works 
manager. Mr. Weitzenkorn will co- 
ordinate — the teel works quality 


control and develop improved proc- 
John S. White, 
supervising metallurgist, 
works metallurgist 


essing 
formerly 


procedures 


becomes 


OBITUARIES 


‘ 


Kenneth N. Baker 


manager of 
explosives 


(Member 1956), 
Hercules Powder Co.'s 
department sale office 
died in Birmingham on October 16 
A native of Nokomis, Ill, he was a 
graduate of Illinois College and Co 
lumbia University. Mr. Baker 
Hercules in 1942 at Radford Ar 


joing d 
enal 


Radford, Va., and served there and 
at Sunflower Ordnance Works, Law 
rence, Kan for the duration of 
World War II. He served on the Her 


Pitt 
prior 


cule ale taff at burgh and at 
Wilmington, Del 
signment a assistant 
Birmingham in 1956. Mr 
manager of the 


in April 1957 


to hi a 
manager at 
sake! be 
came jirmingham 


office 


Verne H. Schnee (Member 1950) 
died in Washington on S« ptember 22 


\ metallurgist and government ad 
viser on defense material he had 
erved for the past eight year a 


director of the Material 
\dvisory Soard of the National 
Academy of Science-National Re 
Council. A native of Cleve 
land, Mr. Schnee attended Cornel! 
University and was a Welsbach Fel 
low with the U. S. Bureau of Mine 
in 1921. After a teaching 
at Cornell and some year 


executive 


earcn 


period in 
in private 
direc 


industry, he became assistant 


tor of Battelle Memorial Institute 
and director of the University of 
Oklahoma Research Institute He 
was vice. president of the University 


ernment sery 
World War II Mr 
Schnee was chairman of the Prod 
icts Research Div NAS-NRC Was 
Metallurgy Committee, and acted a 
a consultant to produc 
agence He 


prior to entering Gov 
During 


other Wal 


tion and deve loprne nt 


had erved from 1943 to 1946 


names of people are 


found 


re known to be unqualified for AIME 
as chairman of the NRC Committee p 
on Ship Con truction Members 
J. Robert Behrma Conshohocken, I 
Paul D. Merica (Member 1918), an Belka t Lake t 
Honorary Member and former Vice ‘ Philip B ‘ ; 
President and Director of AIME, A M Utal 
te we ‘ 
died on October 20 in Tarrytown, K Hast cement . 
N. Y. He had retired as president of Kenneth B. Higbie, W “| 
the International Nickel Co. of Can Mact Coho« 
ada Ltd. in April 1954 but had con 
Lugu wsquez Oo eru 
tinued to serve the company on im Edward W Lebanon, Pa 
portant proje and as con ultant 
to the office: in Warsaw, Ind., 
in 1889, he attended De Pauw Uni J N. Geoptarth, Salt Lake Cit 
versity, the University of Wisconsin, ' : M Loud. Bis a m, Mich 
and the University of Berlin. Mr : seit 
Merica had been associated with the cn 
metallurgical division of the lI » i d Ba ‘ Powe Utal 
Bureau of Standards before begin 
ning his long career with Inco in D iJ | e, 7 { 
1919. He served in a succession of 
positions before becoming president David Mors Longview, Wast 
of the Canadian firm in 1952 His mu 
Everett A. Parke! Lib 
many contributions in the field of David Pezdirtz, Columbus, Ot 
metallurgy brought him honors dur CHANGE OF STATUS 
ing hi career, among them the 
ssoctate embe 
AIME Jame Douglas Medal, the ¥.D 
John Fritz Medal, the Institute of K K. Ikeuye, Suns e, Calif 
Medal, and the ASM Gold Medal 
Mr. Merica was the recipient of hon REINSTATEMENTS 
orary degrees from De Pauw Uni Members 
versity Lehigh University, and Andre Hone, Quenes 
Stevens Institute of Technology KEINSTATEMENT— CHANGE OF STATUS 
Student to Member 
H W. Higs I on i, Peru 
| Student to Junior 
Proposed for Membership 
Metallurgical Society of AIME NECROLOGY 
1 ‘ ‘ hip Oct 1957 
9 n 3,343 Student Mem 
Date Tbate of 
ADMISSIONS COMMITTEE Elected Name Death 
H Work Chairman Francis B 1956 Kenneth N. Bakes Oct 16. 1957 
Foley, T. D. Jones; E Machlin; J. H 1957 Theodore W. Be ‘ Lue 16, 1957 
caf}, Paul Vou Stein, T. B. Winkle 1951 Jot Wesle Unk 
ly tute desires to extend tts privi 1941 Erle PH burt Cet 
nt n it can be of Ral Ju 25, 1957 
¢, but does not desire as members per 1950 Verne HH. Schnee ept 2, 1957 
o are jualified. Institute members i942 John W TI pase ept. 22, 1957 
ire urged t ew thia list ads soon as pos 1914 Paul D Me " Oct 20, 1957 
sible and immediately to tnform the Secre ii Meri ber 
Limited to AIME members, or to companies that have at least one AIME member on 
their staffs. Rates $40 per year per inch 
ALLOY METAL PRODUCTS, INC H. L. TALBOT 
Consultants Consulting Metallurgical Engineer 
Metallurgical by product, scrag Extraction and Refining of Base Metals 
a t tilizatior pecializing in Cobait and Copper 
Rockingham Road Davenport, lowa Room 911, 209 Washington St 
Boston 6, Mass 
MAX STERN OR. £. TSUTSUMI 
Consulting Engineer Registered Japanese Patent Attorney & 
very Of p Consulting Engineer 
ton PATENT MATTERS handled TECH 
NICAL TEXT translated trom Japanese 
nto English or vice versa: 2¢ an English 
word 


10 East 40th St. New York 16,N.Y 


Central P.O. Box 1545 Tokyo, Japan 


DECEMBER 1957, JOURNAL OF METALS—155 


4 


wes 

q 

| 

q 
| 


COMING EVENTS 


Dec. 4-6, AIME, 15th Electric Fur- 
nace steel Conference, Penn-Shez 
aton Hote l, Pitt sburgh 

Dec. 11, AIME Powder Metallurgy 

pection, dinner 


Group, New York 

meeting lira Kail Restaurant 

New York 

Dec. 11, AIME San Francisco See 
tion, Christmas party, Engineer 
(lub, San Francisco 

Dec. 12, AIME Utah 
Luke City 

13, AIME St Loui pection, 
ladies’ night, Hotel York, St 
Loui 

Jan. %, 1958, AIME San Francisco 
peaker: W. T. Griswold; 
jbrect Pima Enyvinee! ( lub 
in Frane cu 


Jan. 10, AIME St. Loui 


section, Salt 


section 


joint meeting vith AIChE St 
Lou Sectior Hotel York 
Lou 

Jan. 15, AIME New York Section, 
I’) ical Metallurgy Group, plant 
trip to Federal Telecommunication 
Luborators Nutle N. J 

Jan. 16, LIME Cleveland Sectior 
mnual meeting and ladi« night 
peaker J W. Robl ubject 
Patent (Carter Hotel 


Cleveland 


Jan. 16, AIME Utah Section, panel 


discussion Industrial ngineering 
Practice thie Mineral Indu 
tru moderator: K. Hearn, Salt 
Lake Cit 

Jan. 22, AIME Niagara Frontier Sec 


tion, election of officer Red Coach 
Inn, Niagara Fall N. ¥ 

Jan. 28, AIME Connecticut Section 
Bridgeport meeting University 
Club, Bridgeport, Conn 

Feb. 13, AIME Cleveland Section 
Carter Hotel, Cleveland 

heb 16-20, \IME Annual Meet 
ing, Statler and Sheraton-M«e Alpu 
Hlotel New York 

Mar. 12, AIME New York 
Powder Metallur Group, Bra 
Kail Restaurant, New York 

Mar. 17-21, EJC Nuclear Congres 
International Amphitheatre, Chi 

Apr. 14-16, AIME, 4Alst National 
Open Hearth Steel and Blast Fur 
nace, Coke Oven, and Raw Mate 

Hotel Statler, 


section 


rial Conference 
Cleveland 
May 5-6, AIME, Conference on Prop 


erties of High-Strength Steel, 
Penn-Sheraton Hotel, Pittsburgh 
May 5, 6, AIME High-Temperature 
Material ference Ambassador! 
Hotel, L \ 
May 12-16, Southwestern Metal Ex 
positior ind C ré State Fat 


Park, Dalla 
May 27-29, AIME Third Reactive 
Metal Conference host ection 


Bulfal 


tion Statler 


Hote 
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@ MT Lectromelt Furnace 
at Pittsburgh Metallurgical 
Company, Inc., Charleston, 


South Carolina 


on the team 
producing quality 
alloys for the 
Steel Industry 


With the electric furnace process employed 
here at Pittsburgh Metallurgical, rigid supervision 
of all phases of production is maintained. 
This assures top quality output 

Lectromelt furnaces and equipment for smelting 
and refining are described in Catalog No. 105 
You may have a copy by writing Lectromelt Furnace 
Division, McGraw-Edison ompany, 


426 42nd Street, Pittsburgh 40, Pennsylvania. 


Pat Of 


50,000 A. 


| 
— 
10 i, 
‘Ree 1. M. 
Asi. 


It is often desirable to charge an open hearth furnace 

with less pig iron and more scrap. When this is done, it 

is necessary to replace the graphitic carbon normally 
supplied by the pig with an outside carbon source, The 
one best carbon source is RECARB-X, for, whem it is used, 
the phosphorus and sulphur content of the charge 


are not increased, 


Because of its ease of solution in molten steel . . .its 
chemical inertness and its high resistance to 
oxidation, RECARB-X is an excellent material 
for ladle recarburizing of steel. It is non-toxic, in 
no way harmful to handle . . . and is extremely low 


in volatility, moisture and tramp elements. 


It can be employed to recarburize at all carbon 


levels, and carbon raises can be made over great 
ranges. Whether it be 2 or 20 points, results 

are always uniform and consistent. 
RECARB-X is a natural carbon source 

. a closely controlled product 


of natural GRAPHITE. 


Engineering Bulletin No. 11 has 
been carefully prepared to give you 
complete information on the use of 
RECARB-X in basic open hearth 
practices, acid open hearth practice 
and electric furnace operations. 
Write for Bulletin No. 11. 
GS$-251-1 
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